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Executi ve Summary

This document presents recommended code chang

Commi ssion wi ||l be co282Héyounghéoe adoménbds o0
suggestions prior to thteo@atdoptedast pkebskdema
Comments will not be released for public revi

| ntroducti on

The Codes and Standards Enhancement (CASE) 1In
to support the California Energy Commi ssionés
t he CalEinffogyi(&fodée 24, Part 6) to include new
exisag requirements f oThrveaer iCoaul si ftoercnhinao Ilongvieesst.o r
(Il Ow®Ppcific Gas and Electric Company, San Die
Cal i forniandcdtivvonPubl iicéistoBwrAendy el teisl iDtepart men
Watand Power and Sacramento Munici pal Utility
Statewide CASE Team when iinscploundsionrge dt hteh i GA SH fAo
program goal i's to prepare and suUbfmictt ip/reoposa
enhancemenitwmprove energy efficiency and ener g
buildings. This report and the code change pr
effort to devel of ftecthiny &mé s anidnfcorsmati on f or
on buiddr-efygf ieci ent design practices and techno

The Statewi de bOWNStEs Tcecadre scuhange proposals to t
the state agency that has authority to adopt

Commi ssion will evmiltutagd ke Ipy otploes a$tsatsaivbi de CASI
stakehol ders. The Energy Commi ssion may revi s
Commi ssionds 2022 Title 24 website for inform

how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topi cs/ progamsedhfuiicsitieanncdya r ¢bsi1/i 2-@A dhrgpdVf | Ci ency

Measure Description

Background I nformation

There are t Iroamee sdapra rbaitivd wat er bggti on submeasur
insul ation veripfiipceasu loant,i am,cremds e@al i forni a PI
Appendi x M sizing.

The pipe i1 rMswlaat ioomn swérme atshuer ep osotre ngsu afl riotny of ¢
insul ation exhibited Muyl ttihfea n2i0l1y3 (PelnBER aRe pDoornmie s
Distribut ool BR s@metdtsg St at ewliadea CAIH ecti on an:t
Stabéler feéedbmagkt he CABEs Psobmeasure i s si mil
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and mechanism to the existing multifamily qua
credit through Home Enerogy ARateipnan®yestTemt( HER
(ATVer iifomodobudpdply to multif @MW gcibrug dldatnigen wi
Ssystems.

The increased pipe insulation submeasure buil
ACM I mprovement ( ESASEeReper CASE tTheaam dntlhl)
showed increasing DHW peifpfee citnisvuel.a tTihoen 2t00l1 3b eC AcS

not result in an increase Iin pipe insulation
insul ation | evel for heating vemtoitl atoisan and
effective, and insulation | evel requi rements
in the same coMe Tabl e, 120. 3

The CPC Appendix M sizing submeashiase dvopil pde i n
Ssizing calculation proc€ddee (UP&€in dAmidf €PI@ Pina
Par tAppendwaxs Madded to the UPC ilnt rOna8t iawmel pingd

sizing procedure. AppendibxasMddc pntpaei 8 za nge rcfad
procedure that typically nresstualntdsaridn psrnaacltliecre ps
results in | ower first costs and distribution

Addi t i ownrarpdngts c rriepgtuiiree me-hvooporetwocufl age on sys

compliance and enforcement chal lteanges si mdl udie
requirement and challenges establishing appro
t h@eompl i ance software.

Proposed Code Change

The pipe insulation verification measure adds
veri ficatiinosrul aft i pmp egawalltiitfyami |y DHW recircul a
verification would confirm installation of <co
insulation on all fiatntdihegmaand swalaxéon @t mps p
measure buil ds ean steh e ecsurdreenriti allowi pe i nsul at.
extends it to become a prescriptive baseline
The increased pipe insulation | evel measure ir
requir emeunlttsi ffaorp il ppe HDHWwvoOo i nches in diameter a
measure aligns pipe insulation requirements f

TRCPC AppendngnedMs reiadds a compliance option
on CPC AppgdmPiMO Mppéhdix M is an optional app
an alternative pipe sizing procedure.

I n additthkaosti ng prescri pwioveecéqeiuteamémomwn 1 oop
DHW syswoeuwbsd c hatnogead compl i ance option
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Scope of Code Change

Proposal

Tablssummari zes the scope of ttheecpri omeso®d GShamg

Ref erence
compliance

Tabl:e Scope

Appendi ces,

Al t er nRasfir e aeVe@au aclu,l aan do n

d oncouurbeand ¢i tihemd as a resul t of t he

of Code Change Proposal
Modi f Modi fi Wo udl

Measur e -Il;yepiSecti( Title Compli Modi fied Cc
emcénOf Tit Part Softwa Document (

Pi gnesul aPres 150. 1(New RA

Part Append Modi fi

CF1-RCHB 1E;
CF1-RRFE;
CRR-PLB®1 an:«
Yes; A2 1a
Ref Ma ICF 3-RL B &;

VerificeptivB apd)3. 6. X App B5 NRC®LE:
NRC® R IE;
NRCPLB2ane1
NRC¥YLR1
CF1-RCHB 1E;
CF1-RRE;
CF2-RLB®1 ant
| RispMand120. 3; 21a;
necremsphan - . «None None CF3-RLB2 1 a;
INnsul ati ory 150(j) NRC® L E -
NRC®RMP IE;
NRCPLB 2ne 1l
NRCWYLR1
Comp Ye ACM
CPC App ’ CF1-RRFE;
MSi zi ng ancgNone None Ref Ma'NRC(PRFOlE
opti App BS.
Change
Exi stin CF1-RRKE;
Regmdét ) CF2-RLR1a;
Twaoop CO°MP 150 14 YeACM crspigia:
. ance . RA 3.6 .Ref Mali
Recirc oDt i ' .A B5 NRC®RP IE;
Systems °P PP NRGPLE1:
Compl i a NRCWLR1
Option
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Mar ket AamadyRegul atory Assessment

The Statewide CASE Team performed a mar ket an
mar ket structure, product avail abihlei tpy ,0optosehn
code change on the market.

support of the insulation quality verifica
nd thpapeDHWs hlaaticonmers all pipes,i sittings
eady irne grRieisrizdiNotnir &lsi dent i al Energy Code, ar
refner @i pe i nsul ation weuhdt cahammge riemsuti alelm
hnioquesgni ficantl.y 1 mpact the mar ket

_|
=y
o o - C

the incresawsheasuneybtai ewialeem CFAGIEENdl t hat pi
ulhaatsiedn established supply chains and does
change woul d i m@DaHW pti peem i snisgude afttiiachainitisidye al
hnol ogy and the proposed cgogidegcéadangti dges
tallation techniqgues.

cCo
t e
i n

nuw O o n =
D

For the CPC Appendgdume aM uRiepe tdieziSnqat ewi de CASE
t hat plumbing designers, engineers, and contr
pipe | ayout for DHW pi pi ngt styysptiecnesl.| yH owmseev etrh e
Ssizing memMoluddqand e design professionals to us
the Water Demand Calculator (WDC) tool from I

CosBf fecti veness

The proposed code changefsf evet ievidnafuserd zdolmlelselwh e
t hey are progpuwisread .t oFtlbmeo tenEeBA €) r ati o compar €
or cost saivi argesntdorsttdasih ® v-g e ptelmé o0 of anal ysi s.
code changes that have a B/ €f freadtiiove.f The loar
B/ C ratio, the faster the measur eThpeayB/ G orratiitc
i's not applaiscuarbelse wia hm f. T & X seucnonsatr iszaevsi ntghse B/ C
range and climate zone etfifaetctd aceh ihd @sSwered Ses td
met hodol ogy, assumpt i onesf,f eacntdi vreenseusl st sa noaf|l ytshies .

Tab®e Cost Benefit by Measure
B/ C RaCosBf fect

Measur e SuiMeasur e Range Climate
Domestic Hc,. .
Distributicplpe l nsul ati 5.-111. ] Al |
Domestic Hclncreased | n¢ 1.-B3. 9 Al |

Di stributic

2Q2ZrTitl e B4 FiaSIE Rei@ ORMFDHW1 2



Domestic Hc

1 a
DistributicCPC Appendi? N A N A

aCPC Appendix M Pipe Siumeangui s aoicBatC asmpwliingabl e

Statewide EneEgergywMadetrs: and Gr eenhouse
Emi ssilonpsact s

Tab3presents the estimated energy and demand i
changewotuhbaet real i zed st at gwiddheatd utrhien g2 Ot2h2e Tiitrls
6 requirements -geariatafétwctle BEnesgy itnpeact s

foll owing metrics: el doturisciptey gawairndg SWhnh ygi g

demand reduction in megawatts (MW), natur al g
(MMThefms ), and time dependent valwuaitstron (TDV)
t her mal uni ts perSey&eactGfodDV mbBerUHORL Fielag on th
statewide i mpacts calcul ated bylctomd aSthnast awit che

on theniptterenergy saviegStawnéwiudat EASByTeéeam

TabB88e FiYesatr Statewide EnéNgw &ondst mpatt sn

Peak Natur TDV
El ectr El ect Gas Ener ¢

Me asul Sumeasur Savin Deman Savin Savin
( GWh/  Reduct MMThet (TDV
( MW) s/ yr kBtul/
Pipe I nsu A
Verificat 0 0 0.2 73,
Domest Increasgd 0 0 0. C 7.
Hot Wa |l nsul ati o
Di stri
CPC Appen 0 0 0.¢cC 24.

Pipe Sizi
Subt al 0 0 0. 4 105

Soua:c Statewide CASE Team

The pipe i nsul saueamrs uweer ihfaisc dtairggre savings due
existing pipe insulation the Statewide CASE T
surveys with subject matter experts, designer
Satewide CASE Team discusses this interview a
Appendi Ho@wever, the Statewide CASE Team made
about tweoffuaxis$sting pipe insulation compared

resul ts.

2Q@2ZTitl e B4 FiaSIE Rei@ ORMFDHW1 3



The increassdmeaswrdatmamgi nal ly increases i ns.
measure has greater savings for | arger buil di
of I arger diameter, particularly supply heade

CPC Appendi xunk assiuzdenggsd es t he i ssubdbaskdovar si z
outdated flow rate assumptions. This is a cos
desi gthteeassrn a new si zing met hod.

Tabd4presents the egtriematheodGl(agmidce sla snsci at ed

withe proposedfoodé hehhtapegat andar ds Awoei dend ef f
GHG emi ssions amet meastuors ofm car Men rdicoxXiothe
CO2eAssumptions used in developing thé.&HG sav
anAppendoitxhiCs Thpombnetary value of avoided GF
included in TDV cost factcosaf famadt anselnywsiss .i nc |

Tab#.e FiYeatr St aGHGOwiIEdE ssi ons | mpacts

: Monet ary Va
Measur e Avoided GHG IEAvoided GHG E

MetrineC@el yr ($2023)

Domestic Hot

Distribution 2,217 $66,491

Soua:c Statewide CASE Team

Water and Water Quality I mpacts

None of the proposn@acdulvme & s WMWaa s u malvd to gtsh e
proposed code changes would have a@awme i mgesdmrt é
i Taebal ong with the associated embedbdeBd el ectr
this report to see wamet hqgdal ogy uvwseptdecrt e dadi
saviammgaes water qualTihtey mempaadtod ogy used to calc
electricity in Wppendi 8 Bresented in

Takhb: FiYeatr Water and Embedded Electricity | mg

OnSite OnSi t e Embedd
l ndoor OQutdoor El ectr
Saving Saving: Saving

(gall on (gall on ( k Why
Domestic Hot Wat
Pebwel |l ing Unit | 0 0 0
Fi ffyeetar St atewi de 0 0 0

Souea:c St atewide CASE Team

2Q@2ZTitl e B4 FiaSIE Reig ORMFDHW1 4



Compliance and Enforcement

Overview of Compliance Process

Th8tat ewAIE Twamked with stakeholders to devel
compliance and enforcement process wonud dt o i de
havevami ous maimTkhet caempdbi ance process2.ibs descr
| mpacts that thewpubgwoveednmmaskee actors is d

Sect3i.acBnAppendi XhE key issues related to compl
summari zed bel ow:

T I ssuRide insul atwownt e¢¢uiife caddiotni onal coor
bet ween tr @adbesnamb|sxitva sual verification o
Ratemr ATThfe scale and required coverage 1in
pipe insulation adds time and complexity t
process. Multiple veriedi aastipdbommbi s1gt $ nay :
often phased with other trades on site, pe¢

T Il ssufo” i ndrnesasdesmtsiigm,erd who i ssue specifi
include a table ofwowmis@de dtti @mnupdatck ntelsesiers
specifications to reflect neWwes$ingardsi on t
enf or cememnéwopuelrdseonneoéneerode | ocati bamfiby all
pi pe i nrsad witrieoment s .

T I'ssue Fr increapledmbeirssul mdy omeed t o change
all ow cl earance awaeiunncdh tthhei cpki piinnsgu Ifaotri otn .
uncommb@emause most horiz-onthlgoepi pda nmgnewietrhs |
occurs in horizontal configuration with |1

T I ssueéd udmbi ng weshdgedprsoovi de additional des
documentation i f they CPICo AP etna i xx evr Sii & nti

compliance option.

Fi el d Vieoainfdi datagnostic Testing/ Acceptance Tes

Updates to the existing compli damecd affdrems ar e
document aftii ®ind avnar it hiecpi pens nsoat ati on verific
submeasures and folroa@gaingse migattihen tweoqui r ement
opt iTdire. CPC Appendi x M Wo uzd ddy tsa bame asxuirset i ng C
Compliance for m.

Refte®&ect7d.daor addi ti onal informati on.

2Q@2ZTitl e B4 FiaSIE Rei@ ORMFDHW| 15
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recommended code chang
conr@2déeéfi yguf bavaedopmment s
t o t h@toiatdloep2t 4 sotna, k. ephl celadseer se.ntac
be released for public revi

es and Standards Enhancement (CASE) in
ort the California EnergyolCommi gsupaa®dt
ni a (Emietrlgey 2Z4o,dePart 6) to include new r
g requirement sThfroere vGarliiofuosr ntieac hlnnovl eosgti oer
I fic Gas and Electric Comgany,ndS&mubdihe
niiaan dEdiwsoo nPPu b | i ic éist oBwrmAendy eUteisl iDtepar t ment
wer and Sacramento Municipal Utility Di
eam when includisgondser €RNSEhTAue dfofr@gr am
s to prepare and submtetf fpercapg ovea lesn htamate
rove energy efficiency and energy perfo
e code change proposal effefesented tevel o)
calefdredctdwetness i nformation for propose
design practices and technol ogi e

atewide CASE Team submits code change p
attehatgemacsy aut hority toPadopt.ré@whesEapsc
sion will evalwuate proposals submitted

ol ders. The Energy Commi ssion may revis
siomdbsl 2022 website for information abo
participhatepsnhthwhewpeacesasn-dr ogr ams
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goal
d
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of this CASE Report is to
omestisthosystvemmsre pb@dW)cont ai ns
ormation supporting the code <cha

ng the code changeipfopmaal oand
ted in this report, the Statewide CASE
ol dersiahslutangfatf uadedsi, gmerch, temcgisne ¢
rs, installers, utility incentive progr
involved in the code icroanprl p amatee p rfoecedt
ed wbdubsingkehol degt hwaotr ktshheo pSt at ewiedl e CASE
obeand, MAGtRQ030atewide CASE Team 2019)

ng brief

pr

evel opi

I I owi iI's a summary of the conte
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mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency

T SectdioMeasur e Deosfcrtihpitsi OOhOASEeRepodéspropt do

t he meamsdriet s b acTkhg rsoaudngmoteiseamdet ai | ed
desgtriion of how this code change is accompl
documents that make up the Title 24, Part

T Sect3idm addt hMaomk dAonal ysi s sectiona this sc¢
review of the cur.r eQe dtniberskcerti bsetsr uchteurfeeasi b
associated with ntcHea dd oodge whlearmee, tihe propos

overlaps or conflicts with other portions
seismic, and other safety standards, and w
enforceability challenges exist.

T Sectdiemer gy Pawisreqid suntihte epneerr gy, demand r e
energy cost savings associated with the pr
al ssescribes thd hmdhE&Ehatdewiodeg QASSE Teami mat e
peunéemer gy, rdeednacrtdi b ne rceorsgayw i ngs.

T Sect biolhhi s sperceaseomt s analysis of the materi.
i mpl ement the measure and a quansoficati on
includes estimates of increment al mai nt ena
various periodic costs associated with rep
period of analysi s.

1 Sect@idn f¥Yetar Statewpdesémpactise statewi de e
and environment al I mpacts of t hyee aprr oapfotseerd
the 2022 code takes effect. Thwesubdcl udes
saved by California building owners and te
reductions) on material with emphasis pl ac
consi derbeyd sthaek e c of . Céebltiaft ®erwnidae water consunm
are also reported in this section.

1T SectdAid®r oposed Revisionscdrmc |ICoddes Ltame urageor
specific recommend@debeasi wnddhr @adddt i ons)
|l anguage for the Standards, Reference Appe
compliance manuals, and compliance documen

1T Sect8dBn bl i ogreapdiyts the resources that the
used when developing this report.

Appendices A through F htohgesbme admntexnt faplpllowad
appenddacnedst Hat provide suppl ement al informatio
devel opment.

T Apmdi XStAat ewi deMeSahvoidnpgtse ggnt s t he met hodol o
assumptions used to calculate statewide en

2Q2ZTitl Par#| B@GASE ReipROr2MFDHWF1 7



AppendEmbe8dded El ectricityprieséMattert lMeet hodc
met hodol ogy anus edcsadocputliadrexct hieci ty embedde
water use (e.g., electricity used to draw,
savings resulting from reduced water use.

Appendi En@i ronment al | mpastnat Met hedmkeobypdo
and assumptions used to calculate i mpacts
and quality.

Appendi abDi fornia Building Energy Code Com
Speci fprasenns resedaohapgep to the compl i

any) .

Appendlimpe&EcC€Cesmplii ance nPrMacrekseppr Asdowst he
recommended compliancei (pegntmaefsikec oattdor smmpac

AppendSwmmary of StakehadalodamebBngadedmeretf f or |
to engage and coll aborate with market acto

Appemnxdl@:sul ati on Quality Data Collection Reg
AppendRPrxotHot ype Buil ding Domestic Hot Wat er

2Q2ZTitl Par#| B@GASE ReipRdr2FDHWF 1 8



2 Measure Description

21 Measure Overview
The 2022 nuHWIi samiilbwyti on woAdEdBdmeasareptive

requirement, change aamadda@ergyompiQuakheeameapt i

summa rpyr oopfocsheadhges @i ncl udes

1 Submeas®i@eAl nsul at iAdrd \ae rpirfeiscatiipadn:ve r equi
verification of pipe insulation quality

T Submeasulrrecsr eBased llnncsruelaastei osnt:r i ngama gyt @rfy e xi
pipe insulation thickmwoanse hesr pipes | arger

1T SubmeasuCRG Appendi x MdAPd pae cSoimzpilnigance opti o
Ssizing acCPApgpegdilkeAPWO 2019)
T Changeextihset i ng prescri pwioveecequoeiut ameon 1 o)

DHW systteenms compliance option
All threesupmeapasseds apply to new cosswirtultct i on
centr al hweattdNoge of t he sutbhnmeeaes uprreosp oaspepdl y t o ad
alter dathieorss at ewi de CASE Team is still conside
nonresidential and residenti al requirements t
anal yzepatchte oifmt hi s measure on. the hotel buil d

Thproponsuedd i fami |l y hotsuwbetesswauilsdd u deairt 8 togy
budget of multifamily DHW rameiwr puleastcirompts yvet e
requiremeneéasi ng t haen setxriisntgenngc ynaonfdewhot g r equi
reducing compl icshnginmagie xrn sit é mg Ipy escrtiqpoptd ve r eq
compl i ancendpaddnng a new compliance option.

2. 1StbmeasuRiepeAsul ¥erohicati on

Thissimeasadaas prescriptive requiremeinns dloat iforel
i nstabulUaft ioHfW eci rcul at.i d&n edylstveems fi cati on wol
i nstall atrieognu porfpédc oidnesul ati on, including insul a
val ves,, pumepxsmal i solation at pipe hangers, an
qgualTihtisystbe asur e bui | dssionA &tetheh gc W iosventmul t i f ami |
resi deinp e ail nisrud ppdarnoendbin) ( Bh@ extends it to bec

prescriptime bas all mu IDINVHF e mi F yubat.Tbnegyst e
sumeasure includes minor updates to default ve
the compliance software.

2Q2ZTitl Par#| B@GASE ReipRdOr2MFDHWF1 9



2. 1S8bmeasulrrecrBeassdl] ati on

Thissimbeasumer enaasnedsapopg i nsul atifoomrud ¢ qdiame megnt s
DHW i ptewonclhhedflar.ghissmeasure alpspealingms ati on

requirements for alTlhismubetisuami i wchwidledi mgs or

default T nsul atimnt teniocckmpelsisanvcad usecsf tiwar e.

2. 1S@BbmeasuCRAEGpendi x M Sizing

Thissimeasur ®a acdadmp !l i ance option for pipe. sizing
Append(ilxXAPWO i29 180 «&Pt@popneanidi x wi th an al ternatf
pr oc e dAduprpee.ndi x M cont atbms ea drpfeorsmanme cal cul
that typically results in smaller pipe sizes
|l ower first costs and distributionipysttem hea
baseline model assumes standardAppeaeotdi geApi pe
(fixtuHentuemnds ,cOlhive, medasune requires updates
software to include two pipe sizing approache

2. 1ChAanBxi stRemga i r e méfwoLofogq®e ci r ¢ u Byastti edms a

Compliance Option
The 2022 nuHWIi sami lbbyti on woASBHamgasthe exi stin
requirememeéci ocludsagiinoncentr al DHW systems to a

whil e reduormgntkebpdget for multifamily DHW
new requiimeBammeasur e A asbnodvfdBi ddemeas usreal requi
mi nopdates to the compliance software.

22 Measure History

The 2nul 3 i fceanmi rl &yl ol W@ n dna | CpACSIEt Reest i mat ed t he
percent of hot water generated at the water h
ambient( Stppatcewi de CASEnTmamt PDadad)HW sb wif It kinng s,
generwait & éan tgra®dli wad er heater and delivered via
recirculation | ooPerntor abybDHdHWendtli hg machshi ghe
di stri bubedmmspiepi idian i ndividual water heater

particularly i n ulser gere brweiclidicrugsatheocna | oop mus
designed to adequately seldweltlhienTghausn iwtadc.e re ac e
pi phegtosses as compared to smaller distributdi
To address cenheadtbs ghe g tl,reifolibr opnelksygri ptively
requires demand control recirculation, as wel
mul tifamily buildings that Thaveroponsedr mmbt ef
DHW i stribution submeasbuesohuhseydbiesng eehd utcer @ e s
proposedsesedmeaadedcemps!l i ance and enforcement

currtemot | oop requirement.

2Q2ZTitl Par#| B@GASE ReipROr2FDHWF2 0



2.2SlWlbmeasuRiedeAsul ati on Verification

The Statewi dei nCAeSsE aTggaatipeed i ns ul anhe aosns iveair li & i ctad
the existimddmeaelrgyfametdgh HERS vTehriisf inteaatsiuorne i
needeelcause of the poor quality of existing ir
RepoMul thi fami ly CenHotal WOdbeesDi §(tPrliBbRu t2ialn3 )Sy st
based on the StattewmitkcawlCbhEdésammh dtiakneshol der
feedback during the CASE Process

Tha01R3l ER Sioundyt ored sever al kelyotpawatmern es Bs todr
including hot water supply temperatree, shepl w
temperature, recircul at,i canmnadt uow) kat.Tehaehes u mgt
study monitored 2Bvbudli 8f egnenCaldfomanBeERONE S

St uGeyam tdheevrel|l oped falnove nemaglyy sepamatdel DHW natur
gas consumptemerr gy tfol dw: uwadnep o negmttispmge nt ef fi ci
and stheatb yleocsisr,cuy sattemnheat | oss, branch pipe
del i wveowater eRreerigy.ul ati on systemn hhreceet 6F0oss r a
percent of tot ali tthotanwatveer awgEade g Bridehee rsd aimdty

found that measured heat |l oss from DHW distri
the anticipated heat | oss that would occur wi

Water Heating
Equipment Loss
31%

Delivered Hot
Water Energy
35%

Natural Gas Energy

100%

Branch Pipe
Heat Loss

Recirculation <1%
System Heat Loss

33%

Fi guwrDeHWIi stri bhedlo D9ne s

Sour(ckRILER .2013)

Based ®&mn ERh&tnuedrygy f |l ow an2l0y 3t at exdwoAdtle a mt h e
devel opweA$SERe p o,r tosne owa swhki0dI3 OMaSEr and Space
Heating ACM I(dgrad wevnedret CASEh & 6 4SB a2t OeVA RIE

2Q2ZTitl Par#| B@GASE ReipRdOr2MFDHWF 2 1



Team devel oped and proposed the performance caé
systems in multifamilyThe R2ONSRepd mMbtelghest ed
ACMd erenceinMamualcti on factor tothat!| ewats I mpe
adopted by the Energy Commi sTsitdre &2md iParpgar6t

perf or manceThe pawrarcehet e A€Mc e nMa nuudaels t hi s corr
factor described as, ACorrection factor to re
degradation over time, and additional heat tr
i's not rtelitkreacrtoeldltos s cand .culltatiis assumed to be -

Inaddi tion to the pmededae ttaffommeidn owl &thieohel ER
Verified Pipe (PINB)Reat demt Cra édde\secrrii @eecdait o m n

RAB. 60.f2 the resi depntf adospalpipaenncded tHHERBomri f i cati on
pipeasul ati.ohi guatedyt is only available for t
systems in singrliesef arneisliyd eanntfdi dlloiwsu iclrcda@dnd s .i s a
t he HERS/eRatfeires etrhailsdtrivbautt i on system i s i ns.i
CPC609. 1he projach® mesmredirgeys credit in the Assi
System MuDSMPDEM#®MIS @A adjustment for alternat.

di stribution systems within the dwelling unit
The Statewi dealGASE: ollelaentt ed data ordeisnguwleat i on
interviews, CASE Sstuarkveehgoslsdterru cnieieotni nngamerger s an
sur yvaenyli el d obserlvidsaithnsdonppafAocéiet ai | eidn swimantair yn o

gual ity data col |Aepcpteinogni atrd@ec onrett dnroalsd latnml ar e
summari zed bel ow.

1T Desi gmeer viiTdh8s at e@VAIB2am conducted s$nxervie
multifamily plumbing designers to garner f
strategi es,encfoompcleinaenncte, andl nesbbatbongqgahl
guestions werBasospenomntdeelse interviews, thi
Team | earned that hot water distribution s
insulation or have poorly installed insul a
incl udgirrogpeirmy mitered joints, insulation n
straight pipe run, and overall poor insul a

T Utidsipoynsotakebol der me®@At isrug vewyr ways: admi ni s

t hr otulgeh | i ve Addbrei nqttelrd afcierl sdte rD HW eS ti ankge ho |
October M®Bwo 2ddueOwdraesskeHow often have you se
deficiencies in pIypeh ias urhiagzdiomg qiumd ultat i or

poor qual i tdgani@dngh att | ate omPe most common def

A punch Ilist is a document detailing items in a constr
which must be addressed by the contractor.

2Q2ZTitl Par#| B@GASE ReipRdr2MFDHWF 2 2



i nlsati on TMerm laofdty ek espondaind st hat greater -
percoefntproj amntssulmave n dehattiyepike &elisc iaenrdc i e s

arfefittings apepinme imswl atiean i s poorly in
gap®)ndaliwes are mwot insul ated

f Construntatniaogner s andsdesElg@eefsatewide CASE T
asked several questions about intervieweed
buil dings where intervieweesadmivrei ptarratiicarm
acti vliihtei eSst.at ewi de CASE Team foundithhat i ns
607 percoefntmul ti family buildings on average
are uninsul at ed?imicdiundg nsgp evcail avletsi,e st ees, i mp

j otisandni nsul ated pumps.

T Field observiitston pud ol aatt e&@AIE Team

coll ected ficdddumdrsfeatvimaceorsni gomrestsr aatdi on
managéhss data prcownifdeagenfavutii wbmal nsul ati on qu
f outnldr ough i nterviews ahRdr sex&EmgiRebdbwsed al

mi ssing iiomsel doiwomnd tee fittings

Fi g®r eFiodlseervation punch | ist photo showing m

Sour(cCREA .n. d.)

2Pi ping specialties refers to all components of a pipin

2Q@2ZTitl ParR&Ej] BGASE Reip2d0r2M2~DHWF|2 3



Il n addi tniiotbBe dtDdespart ment (&t SEn &kt ihfei eds sue of
mi ssing el bow R2@Budlladtiinogh Teohgnamogodse RbDt es
regarding insulation requirements in commerc.i
howat er (pU.pS.ngDOEh20p2pPlication includes the g
showrmi g@r e

Carefully Cut Insulation for Tight Miter Fit
Secure Corner Cuts with Tape or Glue

FigwBrelllustration of i mproper and proper el b

Sour(c@.S. DOE 2012)

2. 2SABbmeasulrrecrBeassdl] ati on

The tSetwvai de CASE €®e@ameparsauproes t o i ncrease insul a
requirements mpletciiEWiady syt dmg by adding a new
120A3that refers only to DHW systems.

Tha013 CASE Water and Space H&nbati egi AE€EMCAEGRBT D
20ldnal yned eased pipe insulatioA, reguichewent d
have I mpHAHWt®ylst ems, HVAC systems, and other pt
The analysis found t hatsuil mdr eoenf fweagt Rio&,tpbpe t
increasing HVAC pi peo eifnfsewlha tmiecsnt Awaass sradcte ,

CASE study did not propose incread#fethecassglkat.i
the table applied Tthoe 1BDtChA SsEy setfefno rtty pdeisd. not an
availabd|l otlger mar ket barriers such as wall t |
i nsul ati an Tdii asamadsksrees sied | Re ptohrits CASE
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Existing pipe insulation pbpegmuléeméntassl gr bunbt
summar i Ea®hé.kem addi hcorasong insul ation, thickne
thi s mewocwélkipgme insul atifoar ralglui melmeintami |y b

Tab6:€urrentHdcCtodWater Pipe I nsulation Thicknes:
Ti t24 PaRdisdeent Ti t24 PaNotnrGesi d

PIPe (1501(nsul aiicoknn ( 12@®)I3nsul ati on
3/8" 1" 1"
1/2" 1 10
3/ 4" 1" 10
1" 1 1.5"
1.5" 1.5°" 1.5"
2" 2 1.5°"
2. 5" 2 1.5°"
3 2 1.5"
3.5" 2 1.5"
4 2 1.5°"
4. 5" 2 1.5°"
5 " 2 1.5"
6" 2 1.5"

Sour(c@EC, Bui |l ckiffg ckreenrcgy St andards for Residenti al and

2. 2S8bmeasuCRAEGpendi x M Sizing

The Statewide CASE hewmmps$i pnmnecposiregi a for CP
pipe sizing, as a way for eagsgurye atdloptt eresd u me g
energy use a@gpPQflioMOgpemcawsatssMadopted verbatim fr
UPC.

Appendwaxs Madded to the UPC ilnt rorMa8t iawma pingd udie
procedure. Appendi x M-bcacsretda ipn sp ea sp ezrifnogr ncaan cceu |
that typically results in smaller pipe sizes
|l ower first costs and distribution system hea

Thed nternational Association of( RIPWM@WARt eg and M
Demand Ca(WhCwmt ar t ool devel oggpte.du ebbyd Btuax hdiez e ep |
according to the CPEUUPKLCe Apere,nfdaex ad t. h ?2r0sl 79f t

t ool devel oped this sizing methodol ogy-in res
flow fTkeéupresevi ous Huntero6és curve/fixture unif
gall ons p@GRPMmda thiunge f(or eachwaftiexrt ucrleo steytp,e s(hsoiwnek

and used outdated data on diversity €&PCfl ow i
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Appendix M and the | APMO water demafnldowal cul a

f i xXtruergeusi €a i fcoordaend use a | asrede oew !l davt @i ver si
buil dings to create a more accurate predictio
The Statewi def oQUASIE tTheaatm t here is interest i n U

cal cul muditoankse,hol der conver satiammds evdesvi ghet hien
American Society ofAPRPE mbnegt £ gwhoeanker snis{ e d
mar ket a(dAdSpPtE .onn. d . )

There Iisnouraehopyaodesign team tougetngcompl i
Appendi x M si zi ngRefeecraaumrscecemaoNhadnaube€lsl pi pe si zing
prescriptive thhadealsisrde ol @gelCd i x A

2. 2CHAanBei sting Requi rLeonmoepn tRefcoirr cTuMmoatt 0 oan Sy st e

Compliance Option
The cuwrordeeaqui reme-hboporectcwnoncul anthiiocnh swasst efmsr st
adopted has 2f0dd8ed compliance and enforcement
inconsistent interpretations of thepreguiae¢ mme
baseline and proposed systems in the Californ

Il n additi-loomgp trheguiwroement was devetl dgoemd sleas ed
mul tibaml dyagds ypet directly apamilcablh ei lacdirmg
types, (miodandr ihsFeple.dback f r oGnA S ead mbns dient er vi ew
with plumbing designers show general confusio
i mpl ementi-hgomuDHMWpltecircul ation systems.

The Statewi dehalA SIE sTeeuastshi carhse CSEmgleamen had t he
t wooop requ20E¥newetrden fnot meaathe CSE results were ¢
with the 2013 CASE rMosduwelltesd iem esrognye ucsaes eésn. CSE
| argery eumser g oopt desi gns cloonmparedaitudaequent
di scussiomEsmewigtyh Ctolment eei 8hat ewi de CASEhdatam w
t henergy CommigusesdehdanigSeE o oekoa@ap bhseeline
rather -tbapBéew@GSE model i sgbhseguénts amanges to
not documented in official publications, but
the current aGSH npasedlnn oigs boone unni ntghnesi mul ati ol
Cal i fBuihmida ng Enempglyi aOBde®RE@sdent i al-Rgs®)BECC
Commer ECBREGCdM sof.Bwmukati ons showed -ltchoapps mo d e |
used more energy tHhaowmpmodehdyewibbhgodmeder i pti on
CSE TelTahne. fact that CSE aleoessmp 2 mats ed d alienmenet e d
24, Pfaort téhe | ast three code Tciytcllee s2 4,2 OPLa3r,t 260 1
wi appendi c&Ref e A®BMoagaland other related documen
a tilwoop basneiORke0 1 &,09%aenrdsi ons.

2Q2ZTi t |l Par#| BGASE ReipRdr2MFDHWF 2 6



Thé&t at ewASIEream conducted & imudrtviifeawrs |wi tpl umbi n ¢
designers to garner feedback on recirculation
enforcement, andlnhesulativdme auubalsat & gognasr di n g

how often uddtsvirgonesgpng itrhe&knowtaedgenbéguowidree ment

for -ltovm®@sedomi haoutyipnt ervi ewees were not awa
t woboop reqangaimentthat they had -heovyeist h mpl ement
separate | oop pumps whcahrTe datlteh & 4i,n tPeanrtti &n racefq
(Statewi de CASHa iigratme r”VValslkyedanf cerx pl anati on of
requiramahtaenr expl anati omo sdeess i pgrnoewrisd eedk plea ir n e d
typical desigms!| ailpladyi piavg | oops (inbuthe f ol
did not have t(Twmeypwemt|l omopd.0 w@wrplnbeefmirtt hat t he
reason to installimudeEpbgeSpampwi ce CASE Team
this recent designer fRegpdbadkcooctthiee RDABRACAS
CASRepdrotcus -oinséomubuoi Fadaimng yhgpedirectly appl

al | mul tifamil y, bmi dacdcikn ¢hsMeyspte-amidd Divgle desi gns
use mul tiwpglteh rai sdmsgl e supply headeehfafdaenat isv enlgy
have multampdedil wiopison i nto two pumpindgezones |

Appendioar slummary of the plumbing designs for
f or CtAISiE:nal ysi s.

The Statewide CASE Team r ecogenteuwidrse naehoatn gfionrg t
loomcircuwysat éwmswompl| aepnd,eom o reduce prescriptive
bar rwhirlse all owing for i mprovements. in CSE to

2. 20bhHaotWat ®rstri Mebasaoafenssi deulBaddtPur sued

Th&tatewi de CASE Ttelareteh@enms mearseid es i n the sco
di strihledtoissres but chose not to pulrhseusee t hem f o
measures include installing heat trace on mul
installation of radiant barriers on pipe insu
valves on supply risers.

2.25.1 Trace Heating

Trace heating iovoicat pkacshgnekeheating el e
with distribution piping, covered with insul a
from reducing demand at the water heater, hea
recircul at i oans sloocoi pataendd ptuhnepi ng mpewdors saensd fdriosm r
the ret iowe pEecpogt.ope and Purdue University pertf
showed mini mal energy savings with trace heat
appr oakehl I er, .et al . 2017)

The Statewide CASE Team chose not to pursue t
repl acemenandohaekne®f eDuerignyg ssanvtierrgusi ews wi t h

2Q2ZTitl Par#| B@GASE ReipRdOr2MFDHWF2 7



manufacturer s, t Mfea®tdt ewwoder €EASEhaculmbi st eaa

it is not possible to pinpoint the | ocation o
corr Adtdliyt.i onal ly, at thei reqadl atfi dn frauotf bhéder @
replace théhearpectapel hé e@roedgurcst, | ess t han th
t he DHW di st rSibudd omi pagpiaarge often seal ed behi
wal | insul ation, cepl bamanéeenswoel chakéeng this
cogef fective over the | ife of the building.

2.2.5.2 Radiant Barrier Equipped Insulation

Radi ant barrier equipped insulation is freque
attics of resiTdenStatewuded CASE. Team chose no
radiant barrier equi ptpheed Ipa ke d fn spurlRadpientn adweei |
i nsul ation with-rnesdiadrtedbadrsr ineortsl hpprmBibat gwhadali
CASE Teanprfodindt s awiai @ satbd éetl e ébrts Whantr iderd not f
i nsul atpirdem swiatltH ed r adi ant ,bdarhrei emo.unSulmsdeduadrmr
necessary to install the product on pipe insu
coef feclthiSuea.t eWASIEE Twasn &@loxweceedd hat dust settlin
radi ants lwaddgeade performance over ti me.

2.25.3 Temperature Dependent Valves

Temperature dependent valves repbamesumel! ot
ri semdéd branch Hosespsi bultyipanc asylsyt,emsi.r cuit sette

manual ly balsaumr®ee & oftnlsoiw teeanadah o fT etmpee r rait ue res .
dependent valves automatically adjust flow to
valve which eliminates thedneeddésrbetnenlt é&m

cont.rol s

The StaGASHEH dleeam chose not to pursue this meas:c
savings opmomtwnicoymoptst uotfi e met savi algsi s alrea
capt bntehde cur rreengtu icroedneeenctisr cfuolrat i oMhpump contrc
prescriptiveeba2a9dalBi massianrequirement for centr
based on hot water suppWwhiiahidmirlszwdhmattihocemper avi
temperature dependent valves

23 Summary of Proposed Changes to Code L

The Energy Coehmanaundingolidaandnmofse] onml ti family
requirements under a new multifamily section(
t handards for multifamily buit d@0OM Rmwedye ralnscoe
ManuRef,er dmg@en cesmpl i ance manual s, and compl i a
Location and section numbering of the 2022 St
mul tifamily buildings depend on the Energy Co

2Q2ZTitl Par#| B@GASE ReipRdr2MFDHWF 2 8



of a unified muldri falmrl iyt ys,ectthendlsgnges pr opos
Report are demonstrated in terms of the 20109

The sections below summarize how the standard
Ref erence cdanpu alasi,c eamia nau@arhsl,i ance | do dement s w:
modi fied by the propo%ed thiasngerep Sete Sectdenhal
revisions to code | anguage.

2. 3Stbmeasurel AsuPKEpeohicati on

2.3.1.1 Summary of Changes to the Standards

This proposal would modffiftyl ¢ h24 fSehkecd reidBt g omne ct
thistrépor-ummarkaedle | anguage.

SUBCHAPTER -Bl $OWESI DENTI ALPBRFORMARBGE AND
PRESCRI PTI VE COMPLI ANCE APPROACHES

SECTI ON TPERFORMANCE AND PRESCRIPTIVE COMPLI AN
APPROACHES F@R SIEOWRESI DENTI AL BUI LDI NGS

T [ t(eaf Bhe proposed wooudheddc Haamgaiage t hat req
verification of pipe insulation and make d
Reference SAppendi X

2.3.1.2 Summary of Changes to the Reference Appendices

This proposal wotuildn snoafi ftyh & hRe fseercence Appendi
See Set.tdfont his report for the detailed propos
Referdmpgendi ces.

Redrence Appendices
RA2. 2 Measures that Require Field Verificatio

T Tabl e-l1RS2mmary of Measures Requiring Field
Di agnosti cThleesprionpgposed new pipe insulation
woubed added to the summafawpnmi t @wbDemestdec Hbe
Heating Measures heading.

RA 3.6 Field Verification of Water Heating S

T The proposwdugddngsmrcaw RA3. 6. x requiring 1in
verify that all/l DHW pipes are insulated ac
requirement,Parnh ®i aThhde 2®eOn vsoeuctiteisocnr i be t he
veri ficatiwin hciong eehhacgecah d r lo o nsi uzpopnle yad e r
pi pand samplingveppi cartihssdurpsp.l y

2Q2ZTit 1l Par#| B@GASE ReipRdr2MFDHWF2 9



2.3.1.3 Summary of Changes to the Residential ACM Reference Manual

This proposal woul d modi fRye stihdeArEtdi | Rleofwe megn see c t
Manual . Sered$ecthienreport for the detailed pr
the ACM Reference Manual

Residential ACMWApernide at Bng Cal cul ati on Met hi

T B5.1 Hourly Reci peuHatit oh ok s oTghaeP icpurl oapt oi soend
chanweslupdate default values and text desc

funn referencedtion rEedudeaetciton hz20 ener gy i mpact
insul ati onReleocdtbant ewtt i dedsermaondi nsui , n
and Equaitmprnowvaddabi |l ity and cl arity.

2.3.1.4 Summary of Changes to the Residential Compliance Manual

The proposed code change wouslod mddi fRy stidee nftadla
Comp !l i Mamauea |

CHAPTER 5 Water Heating Requirements
SECTI ON 5.3 Mandatory Requirements for Water

T 5.3.5 Mandatory Requirements for Hot Water
T 5.3.5.3 Distribution SystemswiStehr vRencgi rMud Itat
Loops

The proposed wooudhed dc Meersga b ert @ fointss ,o procedur es,
carrying out pipe insulation verification.

SECTI ON 5.4 Prescriptive Requirements for Wat

1T 5.4.2 Multiple Dwell MogelUhHo s-1 Ml and alhi ¢ly
Residenti al
1T 5.5.3 Systems Serving Multiple Dwelling Un

See Set.tdfont his report f or tohnes dteot atihlee dt epxrto poofs
compl i maarcweal s

2.3.1.5 Summary of Changes to Compliance Documents
The proposewoudthdagnugese updates to the:following

CF2-RLB 1-BonHER&I ti familyCentral Hot Wat er Syst
CF2-RLRBR 1-HER®Mul ti familyCentral Hot Wat er System
CF3-RLBR 1-HHER®ul ti familyCentral Hot Water Syst erm
NRCGPLB® 2Hi ghRi seRes-Mot €1 Ma mHIWSG e 1t tetrmddlibsu t i o n
NRCPLRB IHERS8i ghRi seRes-MolL i Mamel yCentr al
HWSystemDistribution

= =4 =4 8 A
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T NRCWYLRB IHHERSI ghRi seRes-Mot ei Mamel yCentr al
HWSystemDistribution

Thproposedwobadaentwbl e i nf tghuea Igficirygmsu |l at i on
install Btebd weodbicuimeatiadmon.

2. 3SAbmeasur e sBed llnncsruelaat i on

2.3.2.1 Summary of Changes to the Standards

This proposal would modTiftyl ¢ h24 fSehkecd reidBt g omne ct
this reportipfoodenalr&meguage.

SUBCHAPTHERNRESI DENTI RU ,SEHIREK | DENTI AL, HOTEL/ VM
OCCUPANCI ES, AND COVEREMARBAOATEBRBERBEQUI REMENTS

SECTI ON TREQUB REMENTS FOR PI PE | NSULATI ON

T [ Tabl e-AlRWe 3pr oposed wooudhaed dec mavog@&abl-£# 120. 3
t hat applies specificallyThe madfgwdudladne hiyy s D
specify both i nsulvaaliuwen byhipcikpee sdsiladnfedt FeRr f
fluid operating Tthemmerwaotubraei ed emigiesal at i on
requirements as thA fcarrginped abdicce mMtO&v 3. i n
Pipes egoaintbes$ di anmedwehrdvaen dhilgahregreri nsul at
requi r emdrhtes ctuhrarentA.table 120. 3

SUBCHAPTERWII SE RESI DENTI Al MBUIDIAD IORG®S
FEATURES AND DEVI CES

SECTI ON TIMANDATORY FEATURES AND DEVI CES

T Subsec(tji)onl nsourl aRiipoinngf :dam@& Pamwmlp®sed code ch
wouadd cl ari fyi nrge flearneghueaegsea ntdhaattor y pi pe i ns
l evel s fordDHW Yy i €mmi |y

2.3.2.2Summary of Changes to the Reference Appendices
The proposed wooudhedtc hmondg ef fye rtehnec e Adpopceumteinct ess.

2.3.2.3 Summary of Changes to the Residential ACM Reference Manual
The proposed wooudhedtc mom§g &N Rehfeer ence Manual

2.3.24 Summary of Changes to the Residential Compliance Manual

The proposed wooudmedddHangere foll owing section o
Comp !l i Mamcauea |

CHAPTER 5 Water Heating Requirements

2Q2ZTit |l Par#| B@GASE ReipRdr2MFDHWF3 1



SECTI ON 5.3 Mandatory Requirements for Water

T 5.3.5 Mandatory Requirements for Hot Water
1T 5.3.5.1 PipeAlllnsBidialtdiomgs or

The pr opos ewdo ucdhdadn gcd sar i f yanndg rleafhegrueangcpel i cabl e ¢
sections.

2.3.2.5 Summary of Changes to Compliance Documents
The proposed woouded quhamgeni nor updates to refer

mul tifamily pipe i ntshé att ofolnomwemmgi rements in
T CF2-RLB 1-AonHE-R&I ti familyCentral Hot Wat er Syst
1T CF2-RLBR 1-HER®Mul ti familyCentral Hot Water Systenmn
T CF3-RLR 1-HER®ul ti familyCentral Hot Wat er Syst erm
T NRGPLB2Hi ghRi seRes-Mol el Ma m#HIWSGesrttermdli st ri but
T NRCPLR HHERS®i ghRi seRes-Mol el Mamel yCentr al

HWSystemDistribution
T NRCWLRB IHHERS8BI ghRi seRes-MotLt el mMa@metr al
HWSystemDistribution

2. 3SBbmeasuCRAEGpendi x M Sizing

2.3.3.1 Summary of Changes to the Standards
The proposed wooudhedtc hmomdged y t he standards

2.3.3.2Summary of Changes to the Reference Appendices
The proposed wooudhedtc hmonlBe ¢ r ¢ehMee Apdpendicene s .

2.3.3.3Summary of Changes to the Residential ACM Reference Manual

This propomoal fwoawalhe foll owing section of the
ManuB&ée Ser.toifort his report for the detailed pr
the ACM Reference Manual

Resi dential ACMWAperenkde at Bng Cal cul ati on Met hi
B5.1 Hourly Recircuwelaat iLors sL cCap cRil md i B n

The pr opos ewndo uchhdadn gge snew cor k. gctoonhéacoomul a f
heat | <Eg uradtiteon r2f) ect the benefiThefnAwpendi
facwouvdry based on the numbebry otfh ed wBeH W isnygs tuenni
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2.3.3.4 Summary of Changes to the Residential Compliance Manual

The proposed wooudmeddd Hayngehe foll owing section o
Comp !l i Mamauea |

CHAPTER 5 Water Heating Requirements
SECTION 5.4 PrescriptiaeeReHeaaremgnts for W

T 5.4.2 Multiple Dwelling UnitsRiMaltifamily
Residenti al

The proposed cowmpué dich caeSewgivii ioomn 5. 4 beX.exn etfa tdse s c
procedures, and useful resources for Appendi X

2.3.3.5 Summary of Changes to Compliance Documents

The proposed wooudheddc hHarind ean &€xirsti if Cgmpli amhce
or create a ofeom@gérantecate

2. 3CHhAanBei sting Requi rLeonoepn tRefcoirr cTusoatt 0o oan Sy st e
Compliance Option
2.3.4.1 Summary of Changes to the Standards

The proposed wooudsedrdtkeendenguage that retqouires
include two or meprae alt eompwed eérnnignanses and the
all owing buildings with eight or fewer dwell.
See Set.tdfont hi s repoptcdde mangedge.

SUBCHAPTER -Bl $3OWRESI DENTI ALPBRFORMARGE AND
PRESCRI PTI VE COMPLI ANCE APPROACHES

SECTI ON TPERFIORMANCE AND PRESCRIPTI VE COMPLI AN
APPROACHES F@R SIEOWRESI DENTI AL BUI LDI NGS

T [ I t(ean) 8 Bi i ]

2.3.4.2 Summary of Changes to the Reference Appendices

This pmwopdodal fyokt hewichgon of the Reference Ap
Sect/Ai.a@f this report for the det ai | Redf eprreonpcoes e d
Appendi ces.

Reference Appendices
RA 3.6 Field Verification of Water Heating Sy

T RA3. 6. S-S MHEREpil ec Reati on Loop Design for DH
Serving Mul ti pl T hDeweplrlocpoodseeldo iva 8 tpd d it thye
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descri pHERBIrs Aanceptance TesvefMiefchoati am ( A-
procedur et RAS¢efBloe8op r eclh e icacgoartpil dophic en

2.3.4.3 Summary of Changes to the Residential ACM Reference Manual

This pmwopdaoal fy the following section of the
Manual . Se7’ed$ecthienreport for the detailed pr
the ACM Reference Manual

Residential ACMWApernkde at Bng Cal cul ati on Met hi
T APPENDI X B2. WATER HEATI NG SYSTEMS

T BS5Hourly Distribution WHesads ifnagr SFerttermal Wat
T B5.3 Recirculation System Plumbing Design
The proposwdutbhatily@t andar di ©deBhHWrstem with one

recirculation | oop.

2.3.4.4 Summary of Changes to the Residential Compliance Manual

The proposed wooudeddd H&yroddhewi ng section of the
Comp !l i Mamauea |

CHAPTER 5 Water Heating Requirements
SECTI ON 5.4 Prescriptive Requirements for Wat

T 5.4.2 Multiple Dwelling UnitsRiMaltifamily
Residenti al

1T 5. 4. Du.addoop Recirculation System Design

The pr ocphoasnegde sl el et e -t bep dpedésecquiprtement i n Se
5.4, 2.addarcd ar i f ytihhagt -ll de@lusayget ems i s a perform
requires HERS verification.

2.3.45 Summary of Changes to Compliance Documents
The proposewoudhdagnugese mi nor updates to the f ol

1T CF2-RLB 1-BER#®Mul ti famil y Ce rsttreariDH cstt Wa tbeurt $ yo n
1T CF3-RLR1-HER®Mul ti familyCentral Hot Water Systenmn

T NRCGPLR HHERS®Ii ghRi seRes-Mol el Mamel yCentr al
HWSystemDistribution

T NRCWYLRB IHHERSBI ghRi seRes-Mot ei Mamel yCentr al
HWSystemDistribution
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The proposkeadnwgoeudigddat e compliance forms so tha
compliance option.

24 Regul atory Context

2. 4SUWbmeadAuRiepe | nsvelratfiiccmt i on

2.4.1.1 Existing Requirements in the Energy Code
Titl,RarB8 b6ti o.nd ddbWi res 1 nsul atiien ngn axlclespiope

i mplication because only Exgeitfiioansex aneptuidend a
installed piping, piping penetrating framing
materi al i's required when pipestpenetrr avaée | me t
hav@l,l and piping surrounded by minimum t hickn:¢

i nsul ati on.

TitlLbearB8 6t i on@Bdedi fically requires insulation
accessories stating as dall el ements that are
mentions pipes, pumps;bewdalsyesa,ndstafdiemserpar ad wir
exceptioneryorps@maaehgieg@ndg penetrating framing
Titl,Rrar8 6t i 0o.n0 150

The AREMerenec&h aMana compl i anoerdrfdaciatt i fomr offi epli
i nsul at ioal lgatch | Wt &r e dihe dtoiskswetsi mme @ bpeedrlicce n t
accordfarbhd dt B f t Ref ACMaonehbhh reksédeappealdi ces,
RA3. 6oR2t HERSri fication of pipe insul atsion for
that i1 s required-Hvle@tdti sakicmgdivihe | BRIb®&Gel yor tru
branch di str i bsutnigolne sfyasntiél Bye saindde nltoi weRIA 3h 6i.12di n g
requires verification that pipe i nsTultatei 024 i n
Par6eétliSmh. 0(j ) .

Theaee similar insulation oferwdliilcaitmouwml ptriocr di
Lastl vy, RA2. 6 desrc, itbhest itrhge, vend fdampgliiong pr ot
verifiThits$ omnsction outlines the definition of
protocol for sampling rates, and the procedur

whi ch woul d beher erfeegrueinrceende nitns ™ eorri fpii cpaet iionms ul at

A sepauat € hiagpge  fyor nmtaenrcreaVv el OhAS®pifor the 2022
code tgcpeoposing to extend t hriellt iHERMB Ivyer i
buildings which isopepirp@hiemnaltl3gsThieiebaaedwi deat |

SFor moorremaitnfohnt,t pvsi:s/i/tt i t | e24stakeh@0@&/V snu tahnd pmesdrs yr es / ¢
restructuring/
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CASE Team does tnhteth ea miail c ie pwweaerdiofpiec alilon and pi j
i nsul ati onr evgewiirfe nteanttiso nb e c b @ sye nrtebgeunifriel citnspect
di fferent buitlsding componen

2.4.1.2 Relationship to Requirements in Other Parts of the California Building

Code
CPC 28elcdt i on 609. 11 requires insulation on all/
i mplication because only Exgeitfiionnsex aneptuiden i

penetramimg member and piping between the fi x:
applisance

2.4.1.3 Relationship to Local, State, or Federal Laws
There are no relevant local, state, or federal laws.

2.4.1.4 Relationship to Industry Standards
There are no relevant industry standards.

2. 4S8 bmeadBulrrecreased I nsul ati on

TabT:€urrent Regul ations for Service HDtI| Water
24, Psaurmmabr i 4 enss utlheetgiuoinr e ment,Parnh i Reei ddnti al
Nonresi de@P Qalt, waricer pi pe i nsTunliast itoanb |ree qgiusi rdei ns
furtheére isemctions bel ow.

TabV7:€urrent Regulations for Service Hot Water
Title 24, Part 6

Pip TitI,_E’ath'r Titl,é’a?ﬂ CPC
Si z Residen Nonresid

3/ 8" 1" 1" 3/ 8"
1/ 2" 1" 1" 1/ 2"
3/ 4" 1" 1" 3/ 4"
1" 1" 1.5" 1"
1.5"1.5" 1.5" 1.5"
2" 2" 1.5" 2"
2.5"2" 1.5" 2"
3" 2" 1.5" 2"
3.5"2" 1.5" 2"
4" 2" 1.5" 2"
4. 5" 2" 1.5" 2"
5" 2" 1.5" 2"
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6" 2" 1.5" 2"

2.4.2.1 Existing Requirements in the Energy Code

2019 T,Ptalrebe @i on clobrdt. aDi(ns) r e qrue sriedreemttigails@rnd |
mul ti pamel yntshuil aktrnheasesf er s t o section 609. 11 of
descridbed)Beazti on fus5a.h@(rj requires pipe insul a
sections of the disthebibtr ebhcoflwdstgedripess tfi otofma s h e
storagaend amkt water piping servi.hg adbDHWI Bac¢i I
sectaildnrbws a few exceptions including when pip
me mber .

2019 T,Ptalrebe®ddi on 120. 3 cont aomes irdeapud rafdimgmt s

rise repigentn®@dl at s eat iToanb Iree fAle20s.cot ai ns t he
speci fic tvhalckeneosfs/iRnsul at ibaars erde gouhiuri edde ofpoerr aptii pn
rangectiomelquG.rs insulation on all el ements
that are in series with the afnildwii doethlyo va n(dpump s
includes requirementwatfeorr pinpsiun gattioo ns toonr acgod dt a
traps

2.4.2.2 Relationship to Requirements in Other Parts of the California Building

Code
2019 CPC Secteqgui 60€9. Adilpe insulatdoameheckops:
to two inches, and a minimum of two inches fo

2.4.2.3 Relationship to Local, State, or Federal Laws
There are no relevant | ocal , stat e, or feder a

2.4.2.4 Relationship to Industry Standards

ASHRAHE and®ar.dd requiremenTist lekaaz®a b6y e mA T e 3
proposed increase in insulatiorn wiomictalesless f or
| argeuéxiceed current ASHRAE 90.1 requirements.

2. 4S8bmeaLuCRAppendi x M Pipe Sizing

2.4.3.1 Existing Requirements in the Energy Code

WhiTiet LraR#loés haoe requiremenssisodlod bhewsipz e,
Appendi x B of theaRiepe deinzii mdt BALSuaaspeed on s

currenAp £CerChiixpeA si zing requireméntcsur(vfei)x tt thrad
apply to both the reference and proposed pipe
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2.4.3.2 Relationship to Requirements in Other Parts of the California Building
Code

The CWICich is | argely ,cloatsaamsmeaeretqauihfee rufiCzi ng
in Appendi x A which has been.CaldCo pAtpepde nldyy xmoAs tu s
the water supply fixture units (WSFU) approac
(commonly refer& eadurtwe sa)s tHw naceafoluow ifrorups tvree &
pipes that service multiple fixtures.

An alternative pipe sizing approach in Append
2018 version and subsequemMBuyghhkheongperd €RCal CP:
Appendix M sizing results in small@RCpipe siz

Appendi x M was not specifically adopted by an
approlatchi,s t @oowabbwl t purwoultiecstpioonnds t o proj ect
propose using Appendix M rather than Appendi x

2.4.3.3 Relationship to Local, State, or Federal Laws
There are no relevant .l ocal, state, or federa

2.4.3.4 Relationship to Industry Standards

The | APMO Water Demawonodl|l CadevdBluathde rigsera et . al

size pipes according t o Biuhceh bR Q/eUP, T heAp paeln.d i2x0 1
aut hors of this tool devel opeda ttdhitshe iizn onrge arsee
preval drotvé owf fTlké upresvi ous Hunteroés curve/fix
assumad d&tP&Md r ati ng for each fixture type (sin
and dosuga dated data on diversofymotti p@RC i nxpup

Appendix M and the | APMO water demafnldowal cul a
f i xXtruergeusi telli forandseoadel arge new dataset of f
buil dings to create aofmopreea ka cfpluopwa tfeoi predi ct i o
25 Compliance and Enforcement

When developing this proposal, the Statewide
streamline the compliance and enforcement pro
mar ket actors who are involgatednotheeduoedss
section describes how to comply with the prop
compliance ver iApipceantdpiox@sEpnibdes®woposed change

a

i mpact various mar ket actors.

2. 5Stbmeasurel AsuPapeon Verification
The activities that need to occur during each
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T Design Plkasgmredowi deo tmengle i nsuloant idoens ilgenvel s
drawiifgd aking the pre3moavwipdgsavect earhpr oach

gener al dwmomntarndadtcdrpate t hef acrootaidminmg i on nee
scheddWERB@temATVeri fdaoat nrprilastes .
T Permitcd&apipdbn Pmasgy coemaktéhttkestpriepde i nsul ati

;
veri fseadaecY/nhom tthe compl fa@amnceé hsgofptrteapkeentg t h
performance appf obhehisuobnmigast epdart of the ap
package.

T Constructi @&npPhassul atwownt deuiife caddiotni onal
coordination between trades on siteato ena
HERS Rat erl nosrt afddiugp ul ase gaarer@ RAFLB f or m.

9 I'n
vV e

specti oHERSaRatewooahdAdTto coordinate an

rificawiitohn ivnisstial | ers or gener al contract
buildings) to ensure proper construction s
siteasal Wweulbkbdkely need to accompany HERS Rat
during veri HERSt Ramdvmiupopseslt &a@E3-RLB f or m
and after the verificatioomMTTviand siwostballhl e rhs
provide signampteanterfohe. c

Pipe insulation verification builds on an exi
availabl e dmimahtgo-n ®svagmaebui Fdimngy, and the pr.
measure feeudre®rfi fiincatiacmon guahiplypeal e ecir
andequcoedrage in verifying muadgktfiami laywdDHW p
compl ewhegnstruction and.Mulsttiag!l etV eormni fpir mateisesn
be neadegdglumbing insulation is often phased w
for |l arger buildings.

Combined verificaudl towneteidffiooatsi omheacct invi ti es ar
same time iQs$iltploe sp rbil mef oerx apnoppleebt natd wer i fi cat.i
since theraemdetewsemi tamstructi on phasing of w;
sampling requirements, baerndvewer iQfl il c atnido rps pac tiin
verification

2.5SA@bmeasur e B:l nlsnulraetaisoend
The iadtti es that need to occur during each pha

1T Design Pekrasgners who i ssue specifications
pipe insul awioohdt hhnekdess change their spe
Designers whoifssaeiens that include a tab
wouheed to update their specifications to |
requirements. Designers who i1issue specific
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insul ationwbhludénebebsaméotraall mul ti fami/l
in contrast to current code whereandavo di ff
highse buildings.

No enforcement changes are anticipated bec
enforcwomemmdmai n t he same.

T Pemit ApplicafNboookmhmpbdsance or enforcement ¢
anticipated.

T ConstructibnsBhaseowoumaott ad A ppearsi ence subst
i presprmactice excepti dnoul dathieon ntchhiealsreass as
| arger pipes Rhemkkern s1smay hreged praacal cew
cltkaance aroundf oth&i pcpi nlgi c K hii s 8¢ astn ia ganr .@
becausehomoisztont al piinpa hn gl dwi @ gheotcwearr s i n
hori zontualata amftiviglteh t ot adbi space | i mi

T I'nspecti oBuiPlhéis®gwooufhfeieadi @alos | earn t he new i
thickness requiremendtsl|] yahaheugb tkRayn one
r
r

requirements ifloy badill dnungs fiafm contrast to c

di fferent sets of r equdiarnedmehnitgste alrwei Irdkiqug g .e
Overall Il ncreasing i msswbaitnatietamtggirimel dr amet
compliance and enfasr camertntd olthiewigtuniogp®d ed i nsu
increase applies to |l arger pipe di-ameserandse
ri ser ,mardt inonsti npofrtDMWsAl pgnogent opi pmal ti f ami
insul ation | evels regar &clconsicft emeciyl diomg emdiog

2. 5S8bmeasuCRAEGpendi x M Sizing
The activities that need to occur during each

T Design Phatbdge si gmaewes t he peptfioom thbd pe si zin
calculations and design tasks based on CPC

T Permit Appl i cRltuimnmgeBh gweupsdovi de addi ti onal
documentation if they choose teoigxercsci se t
woupdpul ate detailed piping schedule per t|
on the-PCB1RBuiml di ng depart meauheeddant o nspect
under st ardiawd Apypienidn rMe por tceodmpilni atnhcee CF 1
form.

(@]

T Constructi dl# ®Phmapleiiance or enforcement chat
the inwoafl dlelrew pipe sizing specified desi

T I'nspecti ohhéweawskehd mpaant i nspectivoni es.
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Charting a compliance pathway for designers ¢
met hodol ogy raises the awareness of this rela
designer adoption as well as | ocal building o

2. 5CHhAanBxi stRema i r e mélwd-Lofogre c i r c u Byastti ednms a
Compliance Option

The activities that need to occur during each

T Design Rhasenarhpl i ance or enforcement chang:
and plumbing designer slesomtni ropd i toomse X er ¢ ieg
recirculatiomChayngtieneg pagoscati phi sebigWeel i ne
recircludeagt oomut a r eHEWRISr evrea nwto uféammp b nf y
design and compl i &dmae pdomg wmd st athratp tfiodd ow
requirements.

T Permit Applichd i moomPlhiasrece or enforcement ¢
anticipated.

T Constructi ®hnPdnamgl:i ance or enforcement c¢h:¢
anti ciChhaatnggd.ng t he prescriptive baseline is
without a requirememoufsarmpi@&diveatifonabdbfo
field vémwnirfipcafjieean s that follow the prescr

T I'nspecti oNoPtbawmel: oanenf orcement changes ar .

S
excepahdmgi ngct heulfatomnal po@scriptive requ
performance GPFPLHON CEFBROSsM

The current r eg¢duwiorpe mercti rfcau faitweotn s g cfpdeends i n 2
Title 2hasPédacted compliance and enforcement ¢
inconsistent interpretations of the requireme
baseline and propose@hasrnygitregnstst menggchrei paASiEv. e

requiremantcompl i wooedmplkioyw the compliance pr ¢
that follow the wheseromplty ven@altdhop i s requir

for HERS veri fication
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3 Mar ket Anal ysi s

31 Mar ket Structure
The Statewide CASE debmtpaenbbymed wimh the go

current technology availabilityThptadewi davai
CASEeatmhen considered how the proposed standal
general as well as iTheSitvaitceua ldlemaCmMkSeEat het eds .
i nf or mbtoiuanthe incremental cost of cTohmep!| yi ng

St at ewi dlee &€ SiEd exttii ma teads eof mar ket size and me
through research and outr eatcihl iwtiyf hprsd qarkarm od tdaef
Commi ssion staff, and a wide range of industr
personalized outreach, the Statewide CASE Tea
structure and pote@ewmtrii @alg mabketc isdmpked ot der me
Statewi de hASEOTtnatme 2 nd March (BT at2Ww2@e CAS
Team 2019)

3.1SltbmeadAuRiepe I nsul ation Verification

DHW pi pe iims ulygtiicar it ZWweli mwmbhiand edutbgyontractor o
independents uibrcowmltBtaicamirng subcontractors usua

pl umbing and insulation on smal |l éiravikeuislegiamr mg e
contractors for plumbi nDhisssBbdneiansorddachp aocnt i nst a
insul ation contractors and installers in |larg

systems thattwequnckep@®amm@r oxi mately, buil di ng¢
than 30 units)

Pi pensultahtaitonc opviepresstalilngpuy mpagivee sal ready requir
t hesrdeantdoant esi danguatge of Ti athhde 2@ Pafr o r 6,
the pipe insulati onwoahaddiigmitfcibcaannghebgyua Irleanteinan
requi r elmessb enas uwoaut qui redanteeabdasen to detail
insul ation installers to ensure that i1insul ati

HERRat er s ciursrpeendtl ywal |l i nsul atiomngudliimiy ewhe
numbeaelrs aspectupapieoioguadashietnygl Pt Cédtdi 8 measur e
wouadd a new dinmipleaxrt i tom t-Hhiien sexdtcshtaitonngt hRel GHHER S
Rater providers woul d AiTcelruisdogmerelod imeli irasee vi C ¢
ver i fgfcoart iloinght i ng andi meghareilldalf asnydtyerbui | di |
noftocrentrasy ®H®m. Thij si mepesnufrer meodi pldye sa&mt ATT,
newypeATdiferi fi catsf omulsteirfvaintiel y nlkwi lcdbinsgs ucti o
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3.1SAbmeadBulnereased I nsul ation

Pipe insulation has existing supply chains th
|l nsul ation install ati on wloiushodu s scehda nigre tfloe < ehd ts
measur e.

The Statewide Case Team gat hercéhdhidchatta rorugthhe
communication with a manager «cfonda rdcttiohd806n Ca
years of pipe inS$héenetiharpezee nperyi enaceDIHW t ur er s
pipe in®weénsi Gar niamgd JIJKonharus, Malnlvitlhhreee manuf ac
make the samen sgaemeatalrde s ame Isnpseucliaftiicoant i ons.
contractiomsulsaoic«mctholugihnaclhf pi pe, up to two in
When greater than twoeiqud¢ heg, ovicoounessatic attonroen 1 s

|l ayers of insulation to achieve the required
typically occuwurds sepweecrivalweoerkder & wavree Kidheed i ver ed
Statewide CASE Team al s of freswinggvd d uardl isn ani 1l eatr a
availability of insulationTle ot a@tASNEedksetant hr e
confirmed the top three pipe insulation manuf

Mar ket watch mdMakd&tet Wapaht 2019)

3.1S8Bbmea<LuCRAppendi x M Pipe Sizing

Pl umbing designers, engineers, and cpoinpter actor
| ayout for DHWThisgphb mgasvwmdé empseixriest i ng desi gn
professionals to use new prdoeodurfeago,m |liARPeMOy u

Pl umbmantger i als supply amwbuihmst zliloawtgieohn smar ket s
submeasure becausewdthbed ounsley ocfh asnngeei hea popei 8N
of the DHW s¥yYspemetdiWuits.t r ialbtehstaorme swispeed 1 n

HVAE€yst emsommer ci al and indbhseywhdel Yyaavhilabk:

through retail, ontlriinbeut iaonnd cdhiasntnreilbsu.t oMu Idtiisf an
guantities are a smal/l portion of the overal/l
wouhdt i mpact the supply chain.

3.2 Techni cal Maa gevbaiilliaeod iGwr rent Pract.i

3.2SUlbmeaduRiepeull asMeorni fi cati on
Current constpuattoocephasaliynigpee a nbsaurlraitejro nt ov epr i

where drywall is often install eldhisssbone asfutrer p
requires a wwhmedpew) @ g u ltiastmieeoxnp o s ed ylwafl ér ¢Infst al | a
phasing is an issueoumeancdrtad coonntdiamcdtoe ssubcort
schedules to allow forThep8tanewideéi GASEeTedam
conducted i ndegivg reeassH#ERather t o di scuss this i
concl udeldogadoatdi nati on between the gener al con
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supervi sor Ratnedr HESRSnhecessary to time the visit

construction schedul e whi |l engnarilarttteeirvii egveaers ad
thought that coor diinfatai osm nwds nagc hmeetvhaobdl evas us
DHW recircul atfioon epiapaghddiel debse an i ssue i f com

perdentnspecti onl mtasr vineeiue & tdh. aoto rsdii mmialtaronc i s
required foacodt seutcihQBERS

There is a precedent forwvehiftiheattluem @né ¢ Pil Ce
Sect2.02aid 15 percentpond) memmyiltet gdanmand yCal CERTS
Regibavyg appliedi hoR9d aHERBS eress b megwhiami t ed
expertence

During the stakeholstl akebostadtetihasth ipmsowleastsi,on i n s
mi ght not know how t o tphraotp enmreleyt si ncsutrarleln.ti ncsoudl ea
Pi pe i nsul atmaonne eidbsttoa Ir,la épnogt dbryha rad flyct arleers or
code s upemariotm refgstoomo rtroeast pl | p iapse riengsuuilraetdi oinn t
current energy and plumbing codes.

|l nsul attiyonp agsusailvie tmmeatwper si st for the. |'i fe of
Thereoimaintenance required

Sedppendfioxr Gnore background on current practioc
and verification.

3.2SAbmeadsBulrrecreased I nsul ati on

The Stat ewledhahoCAUSsSEed t he ¢ ode cporihospeorgianpge ef f or t s
insul ation tlhevelexiwltairleat i ont hsey sgtrbepaat eexspte s s e nc e
pi ping upstlireevaerh onMb ewneittpi pe di ameters are | arg
temperatures ar e hmoghee rf,r @gaukeenhtb.o wer ar pr ovi ded
i nfmmati on on the state and chal ltehmgfes!| lodws:ur r e

T Some stakehol ders were concerned .ablohuet ava
St atewide CASE Team reviewed insulation pr
retail ersi nmdnat fomnadp to two inches thick f
Through outreach t o hensSutlatte wind ecf o@hdttStia ¢ Tt eoar ns
contrdagtporcal |l y supckoi nhwal fadc bl@aplhfulei ctko
16 nch pipe. Contractors stated that when ¢

A HERS Rater is a persaemntwhdg hhasd ktear itfriaidn eody, at HERS |
the field verification and diagnostic testing required
code. CEC tohvee rtksEeReSs Pr ovi ders who train and certify HERS
Ermrgy Registry are the two HERS Providers, and Cal CERT
600 active Raters providi.ng 5,600 home ratings in 2018

2Q2ZTi tl Par&#| B@GASE ReipRdr2MFDHWF4 4



i's requiwoeuchedsttheywo | ayers of insulation to

thicknesses. I nstalling two |l ayers of 1insu
compared toeoaesé¢ aiyrest dl |l ation is a | arge |
submeasure | imits insulation thickness to
T Increasing insulation mayckeesbaosseaemiedy at Ima

too | dridge itho a st aFnodra redx, ateptl e pdnipzeet.wHion lc h
insul atiomitxhasw&weambky (doamdt ef )t ithwa@a st an:t
inch bywstkatnech typically praoaVhded for pl
St atewi de CASE Team reviewed f ptlrltuenbfianwgr di st
prot omuylptei f ami luy eldruitl diiang&ABEU ssmari zed i n
Appendanxd Gftolhuankdler t i cawbupidpesn @l smandagr d
walMost instances of | arge diameter pipe pl
horizonttadlatpihpese |llies ss@amipaeneagi padotawat lee

pl ant which do not .hfappreop@aedek ilnaomdade oinrs |
thickness @Gaeces veot iiclmpcpupe theersser pipe
always |l ess than two inches in diameter.

1T Stakehol ders expressed that there are di mi

increasing insulation thickness 6 Theparticul a
Statewi diea@mAS$SEBE proposing increasimigpesnsul a
two inchesgenspcipesds those used in recircul

hot water plant to maximize energy savings

T Stakehol ders have adurte snsggend Indsard daetrimon t hi ck
requirement € 2dnd Paetaliret of Cal i fofhea Buil
Statewide CASE Team acknowledbeswebatthbe
CPCResi debmteir @dyd e, Namde si BeenrtQGoy@es da bl)e
The Statewi dei sCASEploesasirmg uni fication of re
mul tifamilwhilwedutdmage confl i ctwintghirne qTuiitrleem
PatTiétl e 24 | Pactom@veumote® stringent insul
requiremema sCRGQan t

| ncrelmaseldat passi vyeameamswper si st for the. |ife
Thereoimsmai ntenance required

3.2S8BbmeaLuCRAmpendi x M Pipe Sizing

CPC Appendi xopmt iasmmae meiwpi wiet siai ng met hod t ha:
t hmet hod i n tCHPeC rAppleinrddec tAR q#&8RE€ Appendi x M wa:
not specifically adopt eshadleynaamy sbBptpeodoagdmmdi e
This measure is being propesesed @APppandomplM armsc
bais of the cwmayemuuiocede uanddi cti onal approva
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Sevegtadkehol ders ApggreditedMthlaoulydr bprasmangat
requirement because it redwded heneeérntay ews a ea rICdA
det er mihned ilassirmdte fwda t hout updeaetqaud rteo |tolcal CR@ rt
adopt i Appeamnfdi x M as an optional (or primary) s

St ak e hoalsdkeetddhr @ rf er iigfsk amal | ern @t plkee ignog eabedte pe ak
hot wletnearmidhe St at ewledhan OASE evesnddear issimsakinlg f
based on the data and hAlsarpgoey tolf e itihred uAspeddedn ddiax
in the Water DeWlgfdoAQaplemwdwaxs dvr rldd nd atiee i n

mul tifamil(Bultwibledigregs et al . 2017)

Desi gweumded to | earn a new calcul ation procec
the |l earning curve shoDICsp beadisdlekd by aauvsaei It et
from I.APMO

Appendi x iMspsaszsiinnge Mm@ wper si st for the. I'ife o
Thereoimaintenance required

3. 2CHhAangxi sEtRemagii r e méflwolLofogre c i r c u Byastti ednms a

Compliance Option
The Statewide CASE Teamfeéeiascbssedyt loé hawhmigc
recirculation | oops in multifamily buildings

desighkdssigners expresas$edhodemsdenmemns tnhoat have a
physical me a n-iamgl fhairg et hper eicdg y pes . sai d t hat a
pl umbing design for a multifamily building 1is
with supply risers (verticaluigjdpamw] ailsoop bat
bottom of the buildi hg whisehsganlherettuhess wpap
pl alnn .t hi s case, there are several | oops creat
Designers also said that thedoowesrne meatn ssume twa
context of mult ayawmttbyypibceayl myih mdgeSti agtne wi de CASE
Team recommends chaeguihgeméeld@e@aoastcobati on

sy st emscomp!| iagond,eom o reduce prescriptive compl.
all owing for i mprovements insCSE to support m

33 Mar ket I mpacts and Economic Assessmen

3.3l npact on Buil ders

Buil ders of residential and commercial struct
measures proposed by the Statewide CASEsTwamh
the nprmatices of thdsgesbushepessbébsitdiag prac
building codes. When necessary, buil ders enga
in order to remain complpiract i wietshaolabges di og
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The psedorequifoemehesincr evoudadl vad nsmu ltaetdi aom€mmp ac t
buil,daecsét pdirmdhase of thicker tihresunaatgiiommlpgryod wa
installation | abor required to install thicke

3. 31 fhpact on Buil di nEgn eDegsyi ghwoenrssu latnadnt s

Adjusting design practices to comply with <cha
t he nor mal practices of buil ding tdes i2@inarPsa.r tB
typically updyaetaerd roenviasitohnnegeyadé €i ggmaelr buandiene

consultants engage i n continuing education an
with changes to design practices and building
Businesses that focus on residential, commerc

deisgn are contained within tMer tAh cAmdreicd aam all n &
Classificab%4bdaT@pdskchearws t he number of establ i s
empl oymadttotal annual payroll fdheBpirlogiosgdA
codcehanffetshe 2022 wodepdtgegateal |l y i mpact all fii
Architectural. Ther Bit@ae £ ws e@let cCrA S Et hTee ainmhipaancttisc i p a
DHW Di gtotneabbéect firmsnuthat aimocy.s comstructi on

There is not a North American | hodade rsyp eCdiafsisd

energy consultants. I nstead, businesses that
energy efficiency are contained in the Buil di
541350), which is comprised of fiinrsrpse cpgriioma roifl
residential and nofhtesisdemomti ploslsiuibl @i nhgsdeter

establishments within the Buil dierdgn |lenrseregy i on
efficiencyh@€omnsatfilorimagTa@m8psrhoovwnd eisn an upper bol

indication of the size of this sector in Cal:i
SNAI'CS is the standard used by Federal statistical agen
the purpose of collecting, analyzing, and publishing st
NAI CS was development jointly by the U.S. Economic CIl a:
Canada, and Mexico's Idnissttiitcuat oy N&ecoi gornaafli ad,e tEostaal | ow f or
comparability in business statistNAIsCS moenpgl atcheed Nohret hStAa
I ndustri al Classification (SIC) system in 1997.

SEstabli shméhis s eéecatsdrneismscelsu e i neawa ll wa teinngga gee db uinl di ng o s
and component systems and includes energy efficiency i
services. This sector does not i na@lrwode daé sitga b Inisplemdnn tomn s|
pests, hazardous wastes or omndhmroeenivi riomoenmdal stcane aamn

government entities that focmupl ioaandeal/i ¢ dfi mrgc ®eme rrtnead fg yb i
regul ations.
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Tab8e California Building Designer and Energy

. Annual P
Sector Ed ablish Empl oyn i 1 1ion:
Building I nsp

Services 8 2. 3,1 $02 2
Sour(c®tate of California, Empl oyment Devel opment Depart
a.Building Inspection Services -seNCAtl CrS &sAtlaBIbI0I)s cmanptrs spe
engaged in providingnobnuielsd)idnegmtyipaelstiidemtsearlviG&ces enco
aspects of the building strucngrenamngy ceofmpionieenrtc s yisrt

services.

Building inspection Reteiseandi ATTwoteé dign HEIR&N
experience an increase in | abor due to the pr
verification measure.

Building designers may need to be trained to
are not already familiar with the methodol ogy

3. 31 Bpaocnt Occupational Safety and Health

The proposed code change does not alter any e
regul ations pertaining to safety and health,

Division of Occupational Slalf e¢ i satnidn d-Helaed d Iht H C
rulwosut dmain in place. Complying with the prop
anticipated to have adverse Iimpacts on the sa
involved with the construction,e cloummidcisng.ni ng

3.3l hpact on Buil diOtg u@wmidnss| wdhidng Homeowner s
Potenti-al mEi Hetmeowner s)

The Statewide CASE Team ant iwoiufna@tves nohenapropa
i mpact onbGalidi ognioawner.s and occupants

3.31I mpact onn@BuCoébmponen(ncReatddamgefrasct urers and
Di striputors

The Statewide CASE aTte aCmalarnftoircnii paa tceosmptoment r et
whol esvaduetresl | t hicker i nsulation to residenti a
response to hbhel anhcoeaseduirements in Submeas

3. 31 fmpacBuiolndihsgector s

Th&8tat ewi dlee &M SeEnt i ci pat es twoeu hparvoep onsoe di ntphaacnt g ¢
empl oyment of buinlcdiundg nign stpheocsteoresmpl oyed by th

2Q2ZTitl Par#|j B@GASE ReipRdr2M~DHWF 4 8



Housing Programs and the Ur ban anor Ruhreals cDoepvee
of their role conducting energy efficiency 1in

3.3l mpact on Statewide Empl oyment

As described.i3thri8e3gt3i.cdntse St at ewi de CASE Team
mo d eesmip| oyamethitnanci al a i fnpesacdgbobr t be Cal i fornia e
Sect3d.a3he Statewi desCA@Ba®eampr opose@dHWhange i
di stri butafofnecwo usltdat ewi de empl oyment and econo

indirectly through its iIimpact on builders, de
34 Economic | mpacts

For the 2022 code cycle, the Statewide CASE T
along with economic information from publishe

devel oped estimates of the economied icmpl&cts a
changWmi.l e this is the first code cycle in whi

estimates of economic i mpacts wusing | MPLAN, i
i mpacts devel oped for this reporttad eamdltyo es
some extent speculative information. I n addit
relatively simple representation of the Calif
CASE Team is confident that direction and app
economic i mpacts are reasonable, it i s iIimportas
is a simplification of extremely complex actd.i
businesses, and other organizations as they r
codexn. all aspect of this economic analysis, t
assumptions regarding the I|ikely economic ben
change. By following this approach, the State
i mpacdssemptred below represent | ower bound estir
associated with this proposed code change.

Adoptitcdhn sofcodprepawaglkesult in relatively mode
i mpacts through the adthobdsenraehs itdheenetcita |s pbeunid idni
remodel ing asndwsltlryas indirectly as residents
saved through | ower utilityTlhede smayn a@dltherbec:

nonresidenti al customers tendatc mde dhmpmagd,e dh dwe
Statewi de CASEBEoTeamtsdiedipatmg@acts to be materi a
the building owner and would have measurabl e

I MPLANmpaénal ysis for Pl annmoiuntgp)uts oniotdwealr eu siesd atno iensptuitma
effects of proposed MPILIAN iiess tahned nporsotj eccotnemonl y used eco
due to itsamdwsttemdi wesedet ail ed eimpfl ®mrymaetnitgn acmmnd ovaatgpeu ti ,n f |
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3.4Cheation or ElI'i mination of Jobs

The Statewide CASGE daepbmcidmpedseuptrédcaptof sbendet h e
2022 <codreegecuylerldeiloehad t o t he ¢typafsijonbsformetwhe

el i mineii gty mdgs of | obs. I n other words, the .
proposedwobhdgeresultcidiecapbmon to any sect
economy. Rather, the estimates of 3e@owmlodhi ¢ i m

l ead to modest chardgexiisniemgpljopment o

The proposeavomédsnatesaddidmdhabhooHIERS due t o th
increased inspections required fromabhe pipe
bel ow summari zes these i mpacts.

Tab®8&8uil ding Designers & Energy Consultants E

Labo1 Tota
Empl oyn I ncon Val urOut pu
Type of Economi P yn . . Addec(mill
(jobs (milli :
$) ( mi || $)
$)

Direct Effects (
by Residential B 1. $01 ¢ $01 ¢ $03 4
I ndirect Effect
by firms support
Buil der s) 1. $0 . ( $0 11 $01 7
l nduced Effect (
empl oyeesexderfiiar
Adirecto or #dAind 1. $0 . 8( $0 15 $0 24
Total Economic | 4 . $0 36 $0 45 $07E
Source: Analysis by Evergreen Economics of data from t|
a. Employment is in units of HfAannual average of monthly

V3. 16s definition from the nBoetmyeg avta|l eefntL @atobora Studtli gt ime

(FTE) but rather represent g itmee aitnidmesatijrioyb sa.ver age mi s
b.Output is iacoeovmslcuef otfhepr oducti on

Addi ti onal

l'y, the increased pipe insulation w
materials for

pi peTamlssastmmaonzessthésati mpact

2Q2ZTitl Par#| B@GASE ReipRdr2FDHWF50



Tabl@e Residenti al Construction & Remodel Econ

Laboi
EmployrlnconTOtal \Outmu
Type of Econo . . Added . .
(jobs (mil!l , co(mi L
$) (mi 1 i

Direct Effect:
spendiRegsibdent
Buil der s) 1. $0. $0. $0.
l ndirect Eff et
spending by fi
Residential B 0. $0. $0. $0.
|l nduced Eff ect
empl oyees of i
experiencing i

Aindirecto ef 0. $0. $0. $0.
Tot al Economi 2 . $0. $0. $0.
Source: Analysis by Evergreen Economics of data from t|
3.4CReation or Elimination of Businesses in C
As stated3id. et iISamt ewi de CASE Tweoaunhddst pr opos
result in economic disruptiomomypy. ahlyesprcopos ®:

change reproa@sdntcshaangmltad i on of DHW vdhisdhr i but i
wouhdt excessively blugideaxd wantcaogm eGadltiifveer ni a &
would necessarily |l ead to a competitive advan:
ThereflbeeSt at e wWiechan QB f oresee any new busi ne
creat edes ndtratdeowi de QGASErKkTeaanny e x i wtoiubg busi ne
el i minated duecbdehtahseg dpiotolpeo s224d, Part 6

3.4C8mpetitive Advantages of Di sadivfamntmigees f o

Thpr op ocsoedde ¢ hfaonrg etsh e 2 0 2w2o wlodd ea pepylcyl et o al | b u s
operating in California, regacdrepsaboéewbet he
outside o¥Thehef sttlee eSt at ewi de nGASBENnTé@mmpao es t
these measures POBPoesedeefgovyleeldbiboshv e an adver se
effect on the competiti venekseswiosfe,Calhief oSrtmitae wa
Team does not anticipate businesses | ocated o
odi sadvantaged.

8Gov. Code, AA 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR A
di sadvantabethbhdpirmeCsses currently doing business in the
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.41 Acrease or Decrease of Il nvest ments in the

Th
Wi

n

e Statewide CASE Team does not anticipate t
t hprntdpeposed wrewlsebarde t o shgnpgéei Cantrease or de
vestment in any directly or indirectly affe

.4EBfects on the State Gener adndulnadcalSt ate S

Th
me

g

O W o T @
> o T o5 & —

(0]

Government s

e Statewi dedeCASE @rpect the pgeposedhaveédeac
asurable impact on the Californiads Gener al
vernment funds.

.41 Mpacts on Specific Persons

=4 =4 =4 4 -4 -

il e the obj ecSttiavtee wiifd ea nC/A SoEf Ttehaerh®s pp roanod sea le |

fictileerncyttat EWNWNBEreeceampnhihae there iIis the poten
oposed update to the 2022 code cycle may re
i stapdStatewi de o@AStHheeF emaont ent i al i mpacts t h:
dates to t he e2g0u2l2atcioodne dceyscclrevdnebdavien arhi s r ep
ecgrfawpsaanndt i ci pates t hew@uloaweeerdo ncohmaincg e mpact
the following groups

Lowncome households and communities

Fi tgtme home buyers

Renters

Seniors

Families

Rurad mmuni ties
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4. Energy Savings

The energy and cost analysis presented in thi
rel eased in tHhRes2022 eGBECC ver si on that was r e
2019. These TDV factors were comsiBhemgy wi th

Commi ssion presented during their public work
October (TZalkbda®nia EnergyMh€ommiecsiromci 220DV
not include the 15 percent retail adder and t
the i mpact of methane | eakage on the building

Commi ssion presented during 2@c«€ial i wWorks lmoEnen
Commi ssi aRre®epmdpations from Bruce Wil cox and |
27, 2020 workshop indicated that the 15 perce

would result in most esndragy ngf fsilcigeaandy me ghenr
energy cost savings than using the TDV factor
the TDV energy savings presented in this repo

have been obtained ugsicreqtTDetwiitlh atdider1 :ngle me
and the propos ewo uwhoed enmnocoheafnfgeecst i ve using the re
The Energy Commi ssion notified the Statewide
were investigating fur trhserusriyed@ m2e@nemh sl twa rmmMiVi
potenti al (GWP) valyeasr  GWPewadal oéstthleatlORer e |
the current TDV factorsyeat GWPawaliocepamay t h
TDV factors slightly makirnogv ep reonpeorsgeyd ecfbfai hcg eesn c
effective. Energy savings presented in kWh an
demand factors.

41 Key Assumptions for Energy Savings An
Pl umbing | ayouguss eadn df opri peenesrigzye savi ngs anal ysi
prototype buil di nTgabdl®¥ua i an gs Wlmmargynsaf pi pe si z
used forTabh&ynsilsades a summary of the prototy
Appendinxc|lHdes detailed plumbing designs for e
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Tabl® Summary of Pipe Sizes and Lengths in Pr

Pipe Lengths (fe

Appendi x A Sizi.i Pipe Lengths C(PiCee

Appendi x M Sizing

Curve)

Loy : .
Pipe - LEOW Migis 119N 0w Lowi smi-wis HiGN
. : Ri s e , RI s ¢ : . RI s ¢

Di ameRI ¢ Mi x € : Ri se Loade Mi xe :
(inchalLoad( Us e Iv“)(eGard Corri Us e Mi x e
Corri Us e Us e

dei

4 0 0 5 ¢ 9 0 0 0 0
3 0 2 ¢t 91 13 0 0 0 5
2.5 0 9 ( 7 < 16 0 0 12 12
2 2 ( 2 ¢ 8¢ 5 ¢ 0 8 ( 6 € 8 (
1.5 5 ¢ 15 8 2 78 52 10 2 4 14
1 2 ¢ 18 33 31 5¢ 28 1,05 1,09
0.7t 15 40 74 95 15 40 72 95

Soue:c Statewide CASE Team

The Statewide CASE Team calculated the indoor
zone based on t hedwegtrheere nftialtd vper eRkeisdyeadh dwi t h (
CBECCom. The rules for thisTablaeunlBlaSechi ane pi
2.504. 209 Title 24, Par tarmd Resmmdamit.a ed &AL M ol
Heatamaqool i n@arwmetder mined by calculating the rc
temperaturmreviEoai gh&Ehg@galsil ding i 4 dtranl Iciomdg i ng
average itshagr &étAdft he bui lding is in kganing m
tol®rss 6t0MAHFmur |y ther mostat seg@&pnidAEs3 vary bet
(Ni ghtti mei/pdoaoyltiinngen@&deen d AESNi ghtt i merd dlagdti imeq
modei h-gbere -hgpaastsientgpoi nsedarea thTablazpakbgsehnst s}
the yearly hours in heating and cooling mode,
climanhdhz purpose of this exercise is to dete
schedule to calcul ate heat A O8HYY Orsmpii bes dosat
are@ssumed to be within the conditioned envel oj
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Tabl?2 Hemadg and Cooling Mode and Average I ndooi
Zone

Clim Hour s Hours | Average |
ZongHeating| Cooling Temp [ H
1 8,7 6 | 0 6 7.
2 518 357 72.
3 552 3,2 3 71.
4 4,7 8 397 72.
5 7,2 0 | 155 6 9.
6 430 4,45 73.
7 3,56 519 7 4.
8 3,3 8| 53 8 | 7 4.
9 359 516 7 4.
10 3,8 6 4,8 9 7 4.
11 455 4,2 0 73.
12 45 6 | 4,19 73.
13 4,2 3 | 4,5 3 | 73.
14 44 2 4,3 3 | 73.
15 1,7 0| 7,05 77.
16 56 1 3,15 71.

Soua:c Statewide CASE Team

Th&8t ami de CASE Teamnealgyulsatve ngs f or each prot
because centr al DHW systems sewi de (CH&SEe mteiame
then divided the building | evel savings by th
peuni tulnes

4. 1StbmeasAuPépe I nsulation Verification

The Statewide CASE Team col |l etcd edle tdeart i e oanu mi
practice for pipe insulation install atti-dn,t yin
Sponsstraeckde h mé elteirng, i nterviews with designers,

site visohbinadsshaveputed to designers and DH
experts. The Shkamewlde CAIERwdMd Itthd amily Cent
Domesti c Hot DNastterri b(uDHW)N SRISER M3l a3 oy seecd f i el
data to reaamnmeirgd odefiancstuolratiino nt hkRee fceuwrernecret ACM
ManualS®ect2.o2h.olr a summary of Adagtean dti adielGaad tl iean
data corldxsaht@owmal . fhies purpose of the amaltiylses w

proportion of wuninsulated pipe in each protot
|l nsul ation quality iIissues accounted for in th
f Missing insulation on fittings, valves, p u

2Q2ZTitl Par#| B@GASE ReipRdr2FDHWF5 5



T Damaged and poorly installed insulation
1T Met al hangerogd tthetr marld y i1 sol ated from met a

Tabl®howsprntdhgortion of distribution system su
without .i nfphudogptoirdn on of di stri bwtxipore ssygdt eam s
terms of the pemtcierng adyies torfi khtei on system (pi pe
surface area wifThkeounpbmsddlataroem based on surf:
howeviarbl &l shoows t he proportion of the | ength
i s uninsulated as these values are more easil

Tabl® Propo
ul

on of Distribution System Surf a
wi bbbt Il ns on

rtoi

at.i
Low

LowRi s Ri se Mi-®i s Hi gh s

Garde Loade¢eMi xdaJde Mi x d&Jd e

Corri
Proportion of Di o 0 0 0
Surface Area Wit 159 159 13% 13%
Proportion of Di 1909 1909 150 150

Length Without |
Soue:c Statewide CASE Team

Appendsihxow@®w t he Statewide CASE Team devel opec
Tabl2

The Statewi deasGGAm8tEhdteaimm t he proposed case af

been completeg) papgcpapeiasdare insul ated.

4. 1SAbmeadBiia@acreased I nsulation

Proposed pipe i nsulTatbileghable®Ewibd @meaimddsl @ n

are applied to the appropriate pipeppeadi xoRrs
A summary of the pipe | engths and | ength of p
showmaibth 4 hr oTugtl &

Tablél nsul ati onLovwWRp stes Glasgrden BRi bdotnhygpe

Pi c Total Len BaselDemsad g Proposed D
i pe ¢ _ :

(ichgs Prototype Insulation Insulation
(de) (ich s (ichds

1.50 58 1 1
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0. 75¢ 151

Tabl® nsul ati onLovwWp stes Lfo@ard e dP rCootrorti ydpoer

Tot al
Prototy
(de)

Pi pe S
(icmes

10
0.750

Tabl@ nsul ati on

Pipe S Tot al
(ich 8s Prototy
(de)

4 0

30

2.50

20

1.50

10

0.75¢

Tabl® nsul ati on

. Tot al
P(Iicprineess Prototy
(e)
40
30
2.50
20
1.50
10
0. 750

Len

pe

25
90
24
15:
18.
40 .

(icthées

BaselDemsda g
l nsul ati on

N e

Proposed
l nsul ati on

(icthées

|-Rp s é&s MFspee dPMiodt ot y pe

Len

pe

53
91
73
85
82!
33
7 4.

(icmés

Bas elDemsda g
l nsul ati on

N N e

(icmeés

| ARpiustes Mlisexee dAFr ghot ype

Len

p e

9
13
16!
58
7 8.
31
95

(icmes
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4. 1SBbmeaLuC® Appendi x M Pipe Sizing

Pipe sizes from prototype buil dAppgngeganmuendi ng d
used for energy savi ngs pampealsy ssiisz.e bfa sseuhmpmazeri yn ¢
design pipe sizing (following CPC Appendi x A)
(foll owing CPI€ RaplemdPixpeM)i nsubasebnneoantdot h
proposed analysis is based on the&acur 6edfabAEM
120A3

42 Energy SaviwmdggMet hod

4. 2Efher gy gSawien hodol ogy per Prototypical Buil

The Energy Commi ssion directed the Statewide
i mpacts using specific prototypical buil ding
geometries for ddifhgbhenpr ¢ty et ggpred bOHIW ds ynggtse m
desitglmat the Statewide CASE Team uskabli&gn t he ¢
Appendhiaxs th det ai l ed description of the protot
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Tabl®& Prototype Buildings Used f or obBnneerngtyal De
| mpacts Analysis
FIl oc
Numb .
Proto 0 AT e Descri@dHW@®Wheci rcul ati on
Na me S (squ
t or _
fee
8unit resi dentagals Huirledi rc
domesti c hedatsewavaemcge nt r al
LoaRi s recirculation | oop. Water
2 7, 6the of building at the gr

Gar de : . )
runs horizontally in ceil
four risers, and returns
fl dor .
3eunit resi denta agla shcuéinltiodgidh

. heater serving a central

Lowi s . . .

i's | ocatmedc hhanni c al room at

Loade 3 40, (~: . : . .

Coido Dlstrlbutlo__n piping runs
floor, veé&@tiiscearlsleyt aunpds i n
the third floor.

88 nit bui l-sdtionrgy wietdhis the n t/ i
commer@aisalf.i r e dHWheenattrearl s e

oo dwel |l i ng auncietnst rfaclonr eci r ct

Mi-BRi s > .

Mi x 5d. 5 113, heater i s I.ocat.ed in a me
|l eaglet ai.l Disteli but honi popg
ceil isemgomfd fl oor (firwvtrt
upR 22 i sers, and returhsfik @dc
l11dnit bui l-sdtionrgy wietshs t9e n v i
commer@daxalfir eRiIHWenttreal s e

Hi &R s dwel | i fg auncietnst r al recirct

. 10 125, heater is | ocated on the

Mi x & d . . ) .
horizontally in ceilingyg6 o
risers. tTweerees saurree zones d
each wribhohtal supply and

The Statewi dedeCASE pleedassth om spreadsheet calcul a
energy I mpactbsHW fditshes utbhmeaeuwmr es. The spreadsh
used pipe heat | oss calculation methods defin
Manual . Compar-Ras too fCtBEELICe, t he spreadsheet c:

°This DHW Distribution CASPWHo CIAGEandpt te aCentamal yzi ng
the -Riosve Garden proRiosgp@ar ddhe phrowt ot ype for other CASE
individual water heaters for each dwelling unit.
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features to handle detailedtreairdhkeabvenadteées
approach and specific features of tSheectsiporneads
4.2.1.1

Fol | oowvhiengsame mMEBBEGC@xsma@€BECRKRe,s the custom

engineering spreadshhé €tubd Bhbenseurl gayt i coonn stwonopt i on f
hour of the year -mewarssurpear iye&n | oclwA&h/tyr ) and t
(therms/ yr). 't t heare paemplaihdusattilben 20D/ )t ifrmaect or
annual energy use in kilo British ther mal uni
electricity demand reducti Dmes eatsaewliedeni QA KE |
foll owed the LBECCometnhGBIE GRsst gener ate TDV ener

cost savings values measured in 2023 present

The energy I mpacts of t hybyprcolpionsaetde czoodnee .c hTahneg
CASE Tamaanl wheed ener gy i mpacts in every climate
cl i nzaotnee speci fic TDV factors when cal.culating
Pewunit energy impacts for multifamily buildini
unit. Annual akndemgndndmpects for each protot
translated into Iimpacts per dwelling unit by

the prototype building. This step enables a <c
construct idoins cBubsrAgpmpaentd i x A

4.2.1.1 Detailed Recirculation Heat Loss Spreadsheet Calculator

The Statewi dedeCASE pleedasstt om spreadsheet calcul a
ener gpyacitms of DHWedt bt eelbme asonmT be spreadsheet ¢
used pipe heat | oss calcul at 2 06 hAOOM tRheof desr ednecfei n
Manual . Compar-Ras too fCtBELICe, the spreadsheet c:
features ttomiNeaemdIrecdea cul ati on designs and ope
approach and specific features of the spreads
sections.

Recirculation Network Configurations

Thexies20i1@® REMer enc eanManQBR€LD fst ware use si x pi
sections connected in series toimoedcetli ooneci rcu
recirculation model was designed to simplify
builders to specify detailed pdanmiaddegl .confi gu

As shown by prototype buAppe mgyisapfuabi ngcdesu
designs are much mor eRecsoonfptlwacraet epdr.o vBdeeGsC a pr a

recirculation performance model for complianc
complicated recirculation designs. Having rea
accurate assessmensotf oprepesgyg mempeeascen., Foe 1t
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Statewi diea@mASE eated the spreadsheet calcul ato
recirculation piping configurations to perfor

Ful I recirculation piping model s pusgee dthieoms ame
compliance models to specify recirculation co
recirculation pipe network is represented by
each other. Full recirculation piping model s
all ow par al (eeld .hfolscew tphartohusg ). vFultli crad cirricswelrast i o
model s used f e ICASEeanadgtsual recirculation |
modi fications. As shown by reci Appéeati anHsyst
starting from the central water heater pl ant
recirculation systemvsipa imasjpernt onp@eapwopachl be
paths, and | eads to pipe branches into indivi
return pipes then merge back into parallel re
into recirculation rhldatr nmepdeles.pilme thectsipogresa
connectors are identified by unique indices.
four prototype buildings are as foll ows:
LoRi se Garldznpi pe sections

LosRi se Loaded 5Corpriipdeorsecti ons

Mi-BRi Ve x ed:1ULe pi pe sections
Hi ¢Ri Ve x ed:13LBe pi pe sections

Speci fications of each pipe section include p
thickness, index of the beginning pipe connec
connector . Tehte cseplrewmldastheer uses speci fications
pi pe connectors of al/l pi pe sections to deter
Some pipe connectors are connected to a branc
dwel ling pnipe. cOlheeetors have a hot water dr a
determines flow rate for each pipe section ba
recirculation pump operation status, and hot

Calculation Steps

Foraceh ti me step, the calculator starts pipe s
the supply pipe connected to the central wate
water temperature, and averagdeatepmpestempeTiae u
out put water temperature is then used as the
downstream piAdaeppee csteicdn(o0a) .analysis i s perform
foll owing recirculation flow paths.

According t o Rehfeer2eOnlcde ACaMc u alc ul at i on pi pes <car
of heat | osswipbpe wae atr Ifdosw i n wihtehfopuotpwei and
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the pipe. The |l atter is also called cool down

recircul ati onofpfunbpy ias ctounrtnreodl and there iIis no
When there is flow in the pipe section, due 't
draws, pipe heat | oss tihARCRERaelfculeantcefd oMamuicpl @ i n g
heat | oss \hietrte filsowmo. fllfowt in the pipe section
according Refehenda&MMamnpuale cool down process.
temperature at the end of time step is used a

ti me step of gn gley siexc.t i

Th2a01l9 REMerencediManauaels t hat the refence reci
include a demand recirculation control, which
percoefntt he ti me for each Rreder enEedplMawmiimg att h ios ,
the spreadsheet calcul ator performs two steps
12 minutes with recirculation flows and secon
recirculation fl ow.

Hot Water Draw Schedules

CBEGCRes softwatexneptr ®vofdeasnwautaels ef isxtherdarl es f or
types of mul ti fsamstl yd idaebeddirdo ogmbeerairtioiowne uni t s.
These draw schedules were used to develop hot
prototype buil disntgespsi.n the foll owing

First, -ReBE@GQ nuavatieget scbedul es are converted
draw schedulRes. a@BbbG@atieg et scbedul esomlpieced y t
hot and col df watver amextor eeaScdhatdeddRiBeanent . Th
generlmdattdwat er dshayw csalhcewludtei ng hot water f 1l ow
foll owing assumpti omRe sused thwarteha e@BREGC ng col
mi xing for different fixture types

T Al'l faucet draws incrlude 50 percent hot wa
T Aldlraws from cl othes washing machines inclu
T All draws from showers and bathtubs have a

Corresponding hot water flow is calcul ated
temperature ( WaS&R)imasednpeolad ure (obtained
CBECRes weather files)

As cwdtder temper athowerscshamgedbatfitubs require
fl ow rmaierst aion the fixture ouAFRfBuetcattaieer at ur e

climate zones hwatedi fémpenhadaegobdve slightly
water flow rates for showetrhaawngh bfaioxnt wirbe aseae
t he dSamet hesamewgnias | cITihmatde fAemreance can be

per cldowe vbeerccause shower watdknbaaw hvtoulbu nheost r epr e s

2Q2ZTitl Par#| B@GASE ReipRdr2MFDHWF6 2


















































































































































































































































































































































































































